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EXECUTIVE SUMMARY 
 
Computer application within construction companies began little more than a 
decade after the first electronic computer was built (1950s). It seemed like a 
promising start when breakthrough computer-based project management 
techniques such as the critical path method (CPM) moved quickly into the 
construction industry. Now that the construction industry is in its fourth decade of 
computer applications things have been changing more rapidly (Paulson, 1995).  
 
Construction, unlike many other industries, is heavily fragmented with numerous 
design firms, contractors, subcontractors, and suppliers involved in almost every 
project. Further, the construction industry is plagued with many problems. 
Arguably one of the most significant problems presently facing the industry is 
communication. The industry is characterised by inaccurate and untimely 
communications that often result in costly delays to the progress of a project, and 
if current level of international research activities are any guide, information 
technology (IT) is seen by many as a potential solution to this problem.  
 
Computers can provide unifying modelling, management and communications 
systems to bring the unique talents of project participants together in a more 
productive and integrated manner. Paulson (1995) comments that leading 
consulting and construction firms are increasingly recognising computers as a 
strategic technology, and it is very probable that these firms will be the ones who 
will ensure the industry’s success in the future. Despite advances in computing 
and IT, the construction industry is making insufficient use of transferring project 
data and information electronically. McCaffer et. al. (1991) argues that data 
exchange between project participants is still largely undertaken on paper.  
 
The Online Remote Construction Management (ORCM) project - a collaborative 
research project funded and supported by a number of Australian (Queensland) 
industry, government and university based project partners - commenced in July 
1999 aiming, in general, to develop, trial and/or evaluate IT tools and/or Web-
based communication systems on various building and civil construction projects 
over a two-year period, thereby allowing collaborative design, management and 
construction to be undertaken between members of a geographically dispersed 
project consortium. Additionally, the project aimed to demonstrate leadership in 
facilitating the use of online technologies for the design, management and 
construction of building and civil construction projects, by identifying and 
implementing appropriate IT (Web-based) communication solutions that will 
ultimately: (a) help improve the flow of project communications and to ensure 
that communications occur in a controlled, timely and less costly manner than 
would traditionally be the case; (b) ensure that information leakage is kept to an 
absolute minimum; and thus (c) ensuring that all members of the project 
consortia are in possession of the most up-to-date and accurate project 
information. 
 
The ORCM Research Project was jointly funded by the Queensland University of 
Technology (QUT) Commonwealth Scientific Industrial Research Organisation 
(CSIRO) Construction Research Alliance (based at QUT, Brisbane, Queensland, 
Australia); Queensland Government Information Industries Bureau (IIB) 
Department of Communication and Information, Local Government, Planning 
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and Sport; Queensland Department of Main Roads (QDMR); and Queensland 
Department of Public Works (QDPW). 
 
This consolidated report supports the aims and objectives of the various ORCM 
Queensland University of Technology (QUT) / Industry Partner agreements, and 
provides a summary of two years of research on five ORCM case study and any 
benchmark projects between July 1999 and December 2001.  
 
Part A of this report is divided into the following six main sections and is supported 
by 5 individual case study reports (Part B – Part F): 
 
• SECTION ONE: provides an introduction to the current status of the construction 
industry and nature of building and civil construction projects; 
• SECTION TWO: provides a brief outline of the various case study and benchmark 
projects that were analysed, including: organisational and contract reporting 
structures; general descriptions of project statistics; etc; 
• SECTION THREE: a condensed version of two years of ORCM research activities, 
including summaries of:  
• various communication tools investigated; site visits and interviews 
undertaken;  
• final results and outcomes from analysing project participant responses to a 
(1) ‘quantitative’ and (2) ‘qualitative’ survey;  
• types of benchmark data collected, the analysis process undertaken and 
results; 
• performance indicator calculations done to help assess the quality of design 
and documentation for each project; and finally 
• cost benefit analysis outcomes. 
• SECTION FOUR: provides a lists of project participant (end-user) ‘Process 
Improvement Recommendations’ for the implementation and use of the various 
IT tools and/or Web-based communication systems on the ORCM projects; 
• SECTION FIVE: identifies a key deliverable of the ORCM Research Project - i.e.: a 
list of ORCM ‘Best Practice Guidelines’ that are critical in helping ensure 
successful implementation of IT tools and/or Web-based communication 
systems and/or processes on current and future geographically dispersed 
(remote) civil and building construction projects (Figure 5-1): 
• One System (One Project – One Team – One System): Project participants 
want to learn to use only one IT tool or Web-based communication system for 
ease of understanding its capabilities, etc: 
• System Compatibility: The capabilities and functionality have to be 
compatible with most other IT products and Web-based communication 
systems used in the industry – potentially saving overall implementation 
time, cost, labour, errors, etc. Application of a Web-based communication 
system must not be a “black box” of information processing. 
• Ease of Data Entry: Commonality of a Web-based communication 
system’s access features and ease of data entry is most important. Free 
access to downloadable and compatible readers and ‘plug-ins’ for 
common access to data must be provided by IT tool and Web-based 
communication system developers. Either there is one industry/client wide 
system or there is a common user interface.  
• Fully resourced Implementation: Trialling a Web-based communication 
system (that has not had much exposure to industry participants) should 
be treated as a ‘special case’ with proper backing, support and 
experience from developers, implementers and researchers – i.e.: a new IT 
system should be fully resourced to ensure that all aspects are covered 
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during the early stages of its implementation (e.g.: reliability, capability, 
etc. of essential project communications). 
• End User – Prime Focus: The end user is a key factor in gaining advantage from 
a Web-based communication system. Taking only the type or potential 
advantages, capabilities, etc of a newly developed IT tool or Web-based 
communication system into consideration is not enough during 
implementation. End user needs, expectations, requirements, 
recommendations, comments, etc must be a prime focus: 
• User v Quality and Accuracy: The quality and accuracy of any project 
related communication or information (electronic or paper based) is 
directly dependant on the user or creator of that piece of information or 
correspondence (with or without an IT tool) - technology alone is not 
enough to guarantee improved quality and accuracy of project related 
communications. 
• Trust: Implementing a new IT product or Web-based communication 
system must create a feeling of trust (reliability, relevance, need, etc.) for 
potential users. 
• Designed for the Construction Industry by the Construction Industry: Whilst 
developing a new IT product or Web-based communication system, the 
end users must be involved from the beginning to ensure a greater 
chance of successful IT uptake. 
• Training: Training in the use of a new Web-based communication system is 
essential. This includes continuous access to a telephonic or online 'Help Desk', 
regular onsite demonstrations and ‘refresher’ training sessions to ensure 
continuous learning and understanding of what the system is capable of, as 
well as recognising and accepting its limitations. 
• Commitment: All project participants and stakeholders need to be fully 
committed to using the new IT tool or Web-based communication system, 
with “buy in” and collaboration at the highest level within participating 
companies, thereby reassuring and guaranteeing potential users of a 
‘corporate commitment’. 
• IT Driver: Every project should have a ‘driver’ of IT uptake (Superintendent 
or equivalent), encouraging, supporting and monitoring its application 
and its use throughout all phases of a project. 
• Legal Issues: ORCM defined ‘Critical Success Factors’ are susceptible to 
the current legal status regarding electronic transmissions, the use of 
electronic signatures, etc. Commitment by both government and industry 
sectors is required to help develop more innovative strategies to build a 
stronger and more competitive construction industry. ORCM Committee 
Members and their organisations have sought legal advice regarding the 
use of electronic communications on both public and private sector 
projects. These legal investigations are aimed at strengthening 
organisational and individual legal status when utilising electronic 
transactions or communications on building and civil projects. With the 
introduction of an ‘Electronic Transaction Act’, current legal issues are 
likely to be strengthened when making use of electronic communications 
on projects and provide better management of risks such as:  
• Authenticity: This concerns the source of the communication - does it 
come from the apparent author? 
• Integrity: Whether or not the communication received is the same as 
that sent - has it been altered either in transmission or in storage? 
• Confidentiality: Controlling the disclosure of and access to the 
information contained in the communication. 
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• Matters of evidence: This concerns e-communications meeting current 
evidentiary requirements in a court of law, for example, a handwritten 
signature. 
• Matters of jurisdiction: The electronic environment has no physical 
boundaries, unlike the physical or geographical boundaries of an 
individual state or country. This means that it may be uncertain which 
State’s or country’s laws will govern legal disputes about information 
placed on the Internet, or about commercial transactions made over 
the Internet (Electronic Transactions Act, 1999).  
 
In general, the outcomes of the Online Remote Construction Management 
(ORCM) research project were unfortunately not able to be determined 
quantifiably.  Whilst the use of innovative Web-based IT solutions were perceived 
by many as being convenient, inexpensive, and fast, no matter the distance 
between team members, it cannot be conclusively determined (from the data 
collected) whether these Web-based IT solutions positively influenced the nature 
of communications between the project participants or not.  
 
In summary, the ORCM ‘Best Practice Guidelines’ help reinforce the need for 
further research and development (R&D) of (a) innovative IT tools and Web-
based communication systems, (b) identifying ways to overcome industry cultural 
‘barriers’ and ‘modifying’ traditional work ‘habits’; and (c) identifying improved 
implementation procedures and application opportunities within the construction 
industry. 
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1. INTRODUCTION 
 
Computer application within construction companies began little more than a 
decade after the first electronic computer was built (1950s). It seemed like a 
promising start when breakthrough computer-based project management 
techniques such as the critical path method (CPM) moved quickly into the 
construction industry. Now that the construction industry is in its fourth decade of 
computer applications things have been changing more rapidly (Paulson, 1995).  
 
A Business Technology Survey (Australian Bureau of Statistics, 1997-98) measured 
business use of information technology and telecommunications (IT&T) including 
the Internet. The results were based on a sample of 6,800 Australian businesses. 
The results of the survey are reproduced in Table 1-1, where access to the 
Internet, for example, was highest in mining (47%), property and business services 
(46%), and communication services (45%). In contrast, industries such as 
accommodation, cafes and restaurants (16%), retail trade (17%), construction 
(20%) and transport and storage (20%) were among those with the lowest 
proportion of Internet access. From the same survey, almost two-thirds of 
businesses report not having PC's, because the technology was 'not suited to the 
nature of the business' (Table 1-2 & Table 1-3). One-third of businesses reported 
cost was a barrier to adopting PC's. 60% of businesses with PC's had no Internet 
access because it was 'not suited to the nature of the business', and two-thirds 
cited cost as a barrier to acquiring Internet access. 
 
Table 1-1 Business Use of PC's and the Internet 
Industry PC's LAN/ 
WAN 
Internet  
Access 
Email  
Access 
Web 
Browser  
Access 
Web Site/ 
Home 
Page 
No. 
of  
Bus. 
 % % % % % % ,000 
Mining 78 38 46 45 43 19 2 
Manufacturing  69 21 31 29 25 8 48 
Construction 54 7 17 16 15 4 78 
Wholesale Trade 74 30 38 38 35 10 43 
Retail Trade 54 17 17 17 14 2 110 
Accommodation & 
Restaurants 
45 8 14 12 13 5 31 
Transport & Storage 54 15 20 19 15 5 31 
Communication Services 73 17 45 45 38 13 3 
Finance & Insurance's 74 27 39 37 34 12 18 
Property & Business Services 78 30 44 43 39 8 142 
Health & Community Services 69 20 33 32 30 5 49 
Cultural & Recreational 
Services 
64 18 33 33 30 13 15 
Personal & Other Services 42 12 20 20 18 9 33 
Total/Average 64 20 31 30 27 9 603 
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Table 1-2 Benefits of Business Use of the Internet 
Industry Reduced 
Business 
Cost 
Broader 
Client 
Exposure 
Better Access 
to 
Information 
Business 
Across 
Time 
Zones 
Improving 
Customer 
Satisfaction 
No. 
Of 
Bus. 
 % % % % % ,000 
Mining 31 27 92 43 12 1 
Manufacturing  22 30 71 27 21 15 
Construction 15 17 84 17 8 14 
Wholesale Trade 35 33 88 43 21 17 
Retail Trade 23 14 84 15 16 19 
Accommodation 
& Restaurants 
12 41 78 15 24 4 
Transport & 
Storage 
46 42 88 45 23 6 
Communication 
Services 
40 41 83 9 23 1 
Finance & 
Insurance's 
14 40 92 53 23 7 
Property & Business 
Services 
33 29 90 36 34 63 
Health & 
Community 
Services 
22 15 88 16 13 16 
Cultural & 
Recreational 
Services 
21 35 84 31 14 5 
Personal & Other 
Services 
24 22 87 18 16 7 
Total/Average 27 27 86 30 23 174 
 
Table 1-3 Barriers of Business Use of the Internet 
Industry Not Suited 
to Nature of 
Business 
Cost Lack of 
Skill or 
Training 
Other Businesses with 
PC's but No 
Internet Access  
Businesses with 
PC's but No 
Internet Access  
 % % % % % of All 
Businesses With 
PC's 
,000 
Mining 58 26 20 25 41 1 
Manufacturing  66 21 17 25 56 19 
Construction 63 25 22 20 68 29 
Wholesale Trade 59 26 26 30 48 15 
Retail Trade 74 37 28 19 69 41 
Accommodation & 
Restaurants 
60 34 28 27 68 9 
Transport & Storage 49 36 31 21 63 10 
Communication 
Services 
51 0 0 0 38 1 
Finance & 
Insurance's 
62 17 28 25 48 6 
Property & Business 
Services 
48 27 19 34 44 48 
Health & 
Community 
Services 
56 36 26 32 52 18 
Cultural & 
Recreational 
Services 
54 42 13 34 49 5 
Personal & Other 
Services 
72 34 33 9 51 7 
Total/Average 60 30 24 26 55 209 
 
Construction, unlike many other industries, is heavily fragmented with numerous 
design firms, contractors, subcontractors, and suppliers involved in almost every 
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project. Computers can provide unifying modelling, management and 
communications systems to bring the unique talents of these parties together in a 
more productive and integrated manner. Paulson (1995) comments that leading 
consulting and construction firms are increasingly recognising computers as a 
strategic technology, and it is very probable that these firms will be the ones who 
will ensure the industry’s success in the future. Despite advances in computing 
and IT, the construction industry is making insufficient use of transferring project 
data and information electronically. McCaffer et. al. (1991) argues that data 
exchange between project participants is still largely undertaken on paper. 
Further, the construction industry has been identified as not having a coherent 
and integrated computer system that encompasses the whole of the 
construction process from design, through construction, to final account and 
facilities management, even though the existing technology can make this 
possible.  
 
Increasingly, design offices have become relatively sophisticated in their use of 
computer-assisted tools when compared with the construction site. The linking of 
key offices and the personnel and data sources held there with the site office 
enables design and other information to be transmitted and downloaded, from 
both ends. Currently, information is often ‘lost’ in the sense that vital information is 
not retained for easy re-use and must be re-entered, or bulky manuals and 
drawing folios must be carried, to ensure the employee working out of the office 
has rapid access to the information needed to perform some of their tasks. 
 
The nature of building and civil construction projects requires team members to 
attend the construction site to resolve issues that arise during the design, 
documentation, and construction stages of a project. Australia, in particular, is a 
large country with dispersed projects and team members usually headquartered 
in the major cities and regional centres. Extensive travel is therefore necessary, 
with inefficiencies in time and delays in decision-making. Innovative techniques 
allowing collaboration across a wide area network between the consortiums will 
promote rapid resolution of outstanding project issues as well as reducing the 
need for personnel to spend unnecessary travel time. 
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2. ORCM PROJECTS INVESTIGATED 
 
Research activities undertaken as a part of the Online Remote Construction 
Management (ORCM) project (Appendix A), promoting an in-depth investigation 
into 5 truly 'remote' ORCM case study projects, concentrated on collecting and 
classifying various communication data originating from, to and/or through the 
various project stakeholders (clients, architects, engineers, consultants, 
subcontractors, suppliers, etc.).  
 
The following sections provide a brief outline of the various case study and 
benchmark projects that were analysed, including: organisational and contract 
reporting structures; general descriptions of project statistics; etc. 
 
2.1. Case Study Project #1: Mt Isa Irish Club  
 
The Mt Isa Irish Club is a private industry refurbishment-building project. At the 
commencement of the ORCM project (July 1999), the design for the Mt Isa 
project had already been completed – i.e.:  at the time at which the ORCM 
project was at a suitable stage for data collection, the contractor (Hutchinson 
Builders) had already commenced on site. Figure 2-1 provides an outline of the Mt 
Isa Irish Club case study project's organisational and contract reporting structures. 
 
 
Figure 2-1: Mt Isa Irish Club – Contractual and Information Flow Diagram 
 
 Mount Isa Irish Association 
(Proprietor) 
Project Leaders Australia
(Architect/Project Manager) 
Secondary 
Consultants 
 
Think Tank 
(Elec/Mech. Engineers) 
 
Ian Garton 
(Architect) 
 
Hamilton Design Group
(Hydraulics) 
 
Curtins 
(Food and Beverage) 
 
Bornhorst & Ward/ 
Mauncell McIntyre 
(Struct. Engineers) 
 
AE Smith 
(Air conditioning) 
 
APD 
(Quantity Surveyor) 
Hutchinson Builders 
(Main Contractor) 
Authorities 
Sub Contractors & 
Suppliers
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2.1.1. Benchmark Project 
 
Further complicating the start of this research on the Mt Isa project was the 
contractually complex nature of the project and the “fast-track” style of redesign 
after contractor establishment. As such, it was decided that the project would be 
unsuitable for the establishment of a full electronic administration system. The Mt 
Isa project is therefore a ‘stand alone’ case study project, used to provide 
benchmark data, which will be used in evaluating the effectiveness of 
traditional/conventional communication facilities (including email), on future 
construction projects. 
 
2.1.2. Project Statistics 
 
Table 2-1 provides a general description of the Mt Isa Irish Club case study project 
statistics: 
 
Table 2-1: Mt Isa Irish Club Project Statistics 
Statistics ORCM Case Study Project 
Client : Mt Isa Irish Association 
Value at completion : $ 8.0 million 
Project description : Extensions and refurbishment 
  to the existing Mt Isa Irish Club 
Delivery system : Negotiated 
Contract time : 48 weeks 
Completion date  : September 2000 
Primary Consultant : Project Leaders Australia 
Secondary Consultants : Various 
Information Technology : Traditional/conventional communication methods 
 (including email) 
 
2.2. Case Study Project #2: Aspley Leagues Club  
 
Project Leaders and Hutchinson Builders identified the Aspley Leagues Club, 
located in a North Brisbane suburb (Aspley), as an ORCM case study project. 
Initial construction activities on the project had been temporarily suspended 
pending the resolution of certain client finance issues, yet ORCM data collection 
activities had commenced on the design phase of the Aspley Leagues Club prior 
to its temporary suspension. Construction activities/site operations for the project 
came to an end in May 2001, with full support from the client to use the project as 
an ORCM case study project. Members of the Aspley Leagues Club Case Study 
‘project team’ who used projectCentre (Section 3.1) included the Client, Project 
Managers, Architect, Contractor and various Consultants and Sub-Contractors.  
 
Figure 2-2 provides an outline of the Aspley Leagues Club Case Study Project's 
organisational, communication and contractual reporting structures. 
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Project Manager  
(Hutchinson Builders / Project Leaders Australia) 
Authorities 
 
Contractor 
(Hutchinson Builders) 
Architect 
(Project Leaders Australia) 
Consultants 
(Various) 
Suppliers 
(Various) 
Sub-Contract 
(Various) 
Client 
(Aspley Leagues Club) 
 
 
Figure 2-2: Aspley Leagues Club Case Study Project – Organisational, 
Communication and Contractual Flow Diagram 
 
2.2.1. Benchmark Project 
 
Hutchinson Builders and Project Leaders Australia gave the ORCM Research Team 
access to the Mt Gravatt Sporting and Workers Club Benchmark project data - a 
traditionally delivered construction project of similar size, value, location 
(remoteness) etc, to that of the Aspley Leagues Club Case Study project.  
 
Members of the ORCM Research Team were given access to the Brisbane offices 
of Hutchinson Builders and all archived data/correspondences pertaining to this 
project for data extraction and analysis to commence. This was completed in 
accordance with the ORCM data Collection Methodology Report (Tilley, 2000), 
and results and outcomes used for ORCM benchmarking activities.  
 
Figure 2-3 provides an outline of the Mt Gravatt Sporting and Workers Club 
Benchmark Project's organisational, communication and contractual reporting 
structures. 
 
The Mt Gravatt Sporting and Workers Club Benchmark Project’s organisation 
structure (Figure 2-3) is very similar to that of the Aspley Leagues Club Case Study 
Project (Figure 2-2). The main difference between the two organisational 
structures is that the benchmark project made use of a different (Brisbane based) 
Architectural firm. The ‘project team’ included the Client, Project Managers, 
Architect, Contractor and various Consultants and Sub-Contractors.  
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Figure 2-3: Mt Gravatt Sporting and Workers Club Traditionally Delivered 
Benchmark Project – Organisational, Communication and Contractual Flow 
Diagram 
2.2.2. Project Statistics 
 
A general description of the Aspley Leagues Club Case Study Project and Mt 
Gravatt Sporting and Workers Club Benchmark project statistics is shown in Table 
2-2: 
 
Table 2-2: Aspley Leagues Club and Benchmark Project Statistics 
Statistics ORCM Case Study Project Benchmark Project 
Client : Aspley Leagues Club : Mt Gravatt Sporting & 
Workers Club 
Value : $ 1.5 million : $ 2.4 million 
Project 
description 
: Clubhouse extensions and 
renovations. 
: Extension and renovations 
Delivery system : Traditional: Negotiated 
Design & Construct (D&C) 
: Design and Construct 
(D&C) 
Contract time : 48 weeks : 26 weeks 
Completion 
date  
: May 2001 : September 1998 
Primary 
Contractor 
: Hutchinson Builders : Hutchinson Builders 
Primary 
Consultant 
: Project Leaders Australia : Tim Shellshear Architects 
Information 
Technology : projectCentre 
: Desk Top Computers & LAN 
(local area network). 
 
Project Manager  
(Hutchinson Builders / Project Leaders Australia) 
Authorities 
 
Contractor 
(Hutchinson Builders) 
Architect 
(Tim Shellshear Architects) 
Consultants 
(Various) 
Suppliers 
(Various) 
Sub-Contract 
(Various) 
Client 
(Mt Gravatt Sporting and Workers Club) 
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2.3. Case Study Project #3: Dawson Highway (West of Little Roundstone Creek)  
 
The QDMR Dawson Highway (West of Little Roundstone Creek) Case Study Project 
was located over 2 hours drive south of Emerald. The project was completed in 
March 2001, with the full support of the client and contractor for the project’s use 
as an ORCM case study project. 'Penna & Company' - an experienced Townsville 
based civil construction contractor - won the tender for the project, which 
consisted of a 9.2 km section of widening and overlaying an existing pavement, 
approximately 40 km west of Moura on the Dawson Highway (West of Little 
Roundstone Creek). Additionally a sidetrack/detour was constructed to allow 
safe passage of traffic around the job site during construction.  
 
The Dawson Highway Case Study ‘project team’ who used projectCentre 
(Section 3.1), consisted of the Principal, Superintendent and Superintendent’s 
Representative (located in Emerald); the Inspector and Contractor’s staff (on 
site); and the Contractor (Company Director based in Townsville).  
 
Figure 2-4 provides an outline of the Dawson Highway (West of Little Roundstone 
Creek) Case Study Project's organisational, communication and contractual 
reporting structures. 
 
 
Figure 2-4: Dawson Highway (West of Little Roundstone Creek) Case Study Project 
– Organisational, Communication and Contractual Flow Diagram 
 
2.3.1. Benchmark Project 
 
  PRINCIPAL   
(Emerald)   
SUPERINTENDENT 
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CONTRACTOR 
(Townsville)  
INSPECTOR  
(On Site)   
SUPERINTENDENT 
Representative 
(Emerald) 
SITE OFFICE 
STAFF   
Contract Quality 
Representative 
Supervisor 
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Labourers 
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QMDR gave the ORCM Research Team access to the Dawson Highway (Bluff to 
Blackwater) Benchmark project data - a traditionally delivered civil project of 
similar size, value, location (remoteness) etc, to that of the Dawson Highway 
(West of Little Roundstone Creek) Case Study project. The ORCM Research Team 
was given access to the Main Roads Data Management System (QDMS) where 
all correspondences pertaining to this and other Main Roads projects are kept.  
 
Figure 2-5 provides an outline of the Dawson Highway (Bluff to Blackwater) 
Benchmark project's organisational, communication and contractual reporting 
structures. 
 
 
 
Figure 2-5: Dawson Highway (Bluff to Blackwater) Traditionally Delivered 
Benchmark Project – Organisational, Communication and Contractual Flow 
Diagram 
 
The Dawson Highway (Bluff to Blackwater) Benchmark Project's organisation 
structure (Figure 2-5) is very similar to that of the Dawson Highway (West of Little 
Roundstone Creek) Case Study (Figure 2-4). The main difference between the two 
organisational structures is that the benchmark project made use of a different 
(Brisbane not Townsville based) Contractor. The ‘project team’ consisted of the 
Principal, Superintendent and Superintendent’s Representative (located in 
Emerald); and the Inspector and Contractor’s staff located on site.  
 
2.3.2. Project Statistics 
 
Table 2-3 provides a general description of the Dawson Highway (West of Little 
Roundstone Creek) case study project and Dawson Highway (Bluff to Blackwater) 
Benchmark project statistics: 
 
 
 
 PRINCIPAL
(Emerald) 
SUPERINTENDENT
(Emerald) 
CONTRACTOR 
(Brisbane) 
INSPECTOR
(On Site) 
SUPERINTENDENT
Representative 
(Emerald) 
SITE OFFICE 
STAFF 
Contract Quality 
Representative 
Supervisor 
Soil Tester 
Drainage Crew 
Labourers 
KEY: 
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Table 2-3: Dawson Highway Case Study and Benchmark Project Statistics 
Statistics ORCM Case Study Project Benchmark Project 
Client  : Queensland Department of Main 
Roads (QMDR) 
: Queensland 
Department of Main 
Roads (QMDR) 
Value at 
completion  
: $ 4.1million : $ 4.161 million 
Project 
description 
: Widening of existing Dawson 
Highway (South of Rolleston) formation 
and overlaying with 150mm nominal 
gravel to achieve fully sealed 9-metre 
formation (2/3.5m traffic lanes) 
: Widening & Overlay a 
9.2 km section of 
Dawson Highway (40 km 
- Bluff to Blackwater) 
Delivery 
system  
: Traditional : Road Construction 
Contract 
Contract 
time  
: 220 calendar days : 220 days 
Completion 
date  
: March 2001 : March 2001 
Primary 
Consultant  
: Penna & Company Pty Ltd : Project Management - 
QDMR 
Information 
Technology  
: projectCentre : Internet / Personal 
Computers 
 
2.4. Case Study Project #4: Toowoomba (Brookstead to Bampas)  
 
The QDMR Brookstead to Bampas Case Study Project was located approximately 
70km West of Toowoomba. The project was completed in December 2000, with 
the support of the QDMR and Contractor (Davbridge Construction Pty Ltd) to 
implement projectCentre, a web-based Project Management Communication 
System (Section 3.1) on the project and then use it as an ORCM case study 
project.  
 
The Brookstead to Bampas Case Study ‘project team’ consisted of a wide range 
of participants. Figure 2-6 provides an outline of the Brookstead to Bampa 
 
2.4.1. Benchmark Project 
 
At first, the QMDR intended to provide the ORCM Research Team access to a 
traditionally delivered construction (Benchmark) project of similar size, value, 
location (remoteness) etc, to that of the Brookstead to Pampas Reconstruction 
Case Study Project. Unfortunately, project members decided to limit and finally 
terminate their use of projectCentre halfway through the project. 
 
ORCM Researchers attempted identifying the reasons as to why project members 
decided to discontinue the use of projectCentre by identifying implementation 
gaps; barriers; limitations and/or areas for improvement through extensive 
research activities, formal and informal interviews, and surveys (Sections 3, and 4).  
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Dr David Thorpe (ORCM Committee Member, Capability and Delivery Division, 
Queensland Department of Main Roads) and the ORCM Research Team 
therefore decided that this project would be a 'stand-alone' case study project, 
used to provide benchmark data in evaluating the effectiveness (or lack of) of 
implementing IT and Web-based communication facilities on future 
construction/civil projects. 
 
 
 
 
Figure 2-6: Brookstead to Pampas Case Study Project – Organisational, 
Communication and Contractual Flow Diagram 
 
2.4.2. Project Statistics 
 
A general description of the Brookstead to Bampas Reconstruction Case Study 
Project's statistics is as follows: 
 
 Contractor 
(Davbridge Constructions Pty Ltd) 
Principal 
(Department of Main Roads) 
Principal’s Representative 
(Brian Luttrell) 
Superintendent Representative 
(Cameron Currie) 
Superintendent for Contract 
(Gerald Murphy) 
Engineer Assisting Superintendent
(Mike Harris) 
Inspector 
(Michael Humm) 
Company Director 
(Ray Davies) 
Supervisor 
(Wayne Hopgood) 
Project Manager/Engineer 
(Michael Smith) 
Site Engineer/CQR 
(Cheryl Johnson) 
KEY: 
 
Reporting 
 
Communication 
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Table 2-4: Brookstead to Bampas Project Statistics 
Statistics ORCM Case Study Project 
Client  : Queensland Department of Main Roads (QMDR) 
Value at 
completion  
: $ 3.6 million 
Project 
description 
: 4.4km full reconstruction to 10m formation including major 
culvert widening at the North branch of the Condamine River. 
Delivery system  : RCC (AS2124) Open Tender Contract 
Contract time  : 9 Months 
Completion 
date  
: December 2000 
Primary 
Contractor  
: Davbridge Constructions Pty Ltd 
Information 
Technology  
: projectCentre 
 
2.5. Case Study Project #5: Christensens Road State School  
 
Under the QUT and QDPW Partner Agreement, Project Services Queensland 
identified the Christensens Road State School project as a truly 'remote' ORCM 
case study project. The project was completed in January 2000, with the full 
support of the client (Education Queensland) and contractor for the project’s use 
as an ORCM case study project. The Christensens Road State School project has 
been constructed at Dundowran (south of Hervey Bay) with construction 
management activities being undertaken through the QDPW and Project 
Services eProject system (Section 3.1).  
 
The Christensens Road State School Case Study ‘project team’ and users of 
eProject, consisted of the Client Representative (Education Queensland); End 
User Representative; Project Director; Superintendent and Project Manager 
(Project Services); Contractor (Evans Harch Pty Ltd); and various Consultants and 
Sub-Consultants/Contractors.  
 
Figure 2-7 provides an outline of the Christensens Road State School Case Study 
Project's organisational, communication and contractual reporting structures. 
 
 
2.5.1. Benchmark Project 
 
QDPW and Project Services Queensland provided members of the ORCM 
Research Team access to the Wonga Beach School project data - a traditionally 
delivered (Benchmark) construction project of similar size, value, location 
(remoteness) etc, to that of the Christensens Road State School Case Study 
project.  
 
Members of the ORCM Research Team were given access to the Brisbane offices 
of Project Services Queensland and all archived data/correspondences 
pertaining to this project for data extraction and analysis to commence. This was 
completed in accordance with the ORCM data Collection Methodology Report 
(Tilley, 2000), and results and outcomes used for ORCM benchmarking activities. 
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Figure 2-8 provides an outline of the Wonga Beach School Benchmark project's 
organisational, communication and contractual reporting structures. 
 
 
Figure 2-7: Christensens Road State School Case Study Project – Organisational, 
Communication and Contractual Flow Diagram 
 Client Representative 
(Education Queensland) 
Contractor 
(Evans Harch Pty Ltd) 
End User Rep. 
(Education Queensland)
Superintendent 
(Project Services) 
Project Director 
(Brown & Root) 
Project Manager 
(Project Services) 
Principal 
Consultants 
(Project Services) 
Secondary 
Consultants 
(Project Services) 
Sub-Contractors 
(Various) 
KEY: 
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Figure 2-8: Wonga Beach School Traditionally Delivered Benchmark Project – 
Organisational, Communication and Contractual Flow Diagram 
 
The Wonga Beach School Benchmark Project's organisation structure (Figure 2-8) 
is similar to that of the Christensens Road State School Case Study Project (Figure 
2-7). The ‘project team’ consisted of the Client Representative (Education 
Queensland); End User Representative, Superintendent and Project Manager 
(Project Services); Contractor; and various Consultants and Sub-
Consultants/Contractors. 
 
2.5.2. Project Statistics 
 
A general description of the Christensens Road State School Case Study Project 
and Wonga Beach School Benchmark Project statistics is shown in Table 2-5: 
 
 
 Client Representative 
(Education Queensland)  
Bruce McKinlay
 
Contractor 
(CBQ Pty Ltd) 
Martin Brooke 
End User 
Representative 
Superintendent 
(Project Services)  
Peter Crooke 
Project Manager 
(Project Services)  
Peter Crooke 
Principal 
Consultants 
Secondary 
Consultants 
 
Structural Eng     : Flanagan  
                                  Consulting Group 
Landscape Arch      : Project Services 
Mech. Services    : Project Services 
Electr. Services    : Project Services 
QS     : Project Services 
Sub-Contractors 
(Various) 
KEY: 
 
Reporting 
 
Direct Communication 
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Table 2-5: Christensens Road State School and Benchmark Project Statistics 
Statistics ORCM Case Study 
Project 
Benchmark Project 
Client : Education 
Queensland 
: Education Queensland 
Value at 
completion 
: $ 4.8 million : $ 3.69 million 
Project 
description 
: Construction of a 
new state school at 
Dundowran South of 
Hervey Bay 
(Christensens Road 
State School) 
 
: Provision of a new School comprising 
Administration building, Resource Centre, 
Preschool, two general learning blocks, 
covered play area incorporating canteen 
and amenities, grounds man shed and 
associated items including sewerage 
treatment plant, covered pedestrian links 
between buildings, access roads, 
landscaped grounds, fencing, oval and 
tennis court. 
Delivery 
system 
: Traditional : Traditional delivery using AS2124 in 
conjunction with the Queensland 
government Special and Particular 
Conditions of Contract 
Contract 
time 
: 30 weeks : 24 weeks, plus 32 days approved 
extension time 
Completion 
date 
: January 2000 : June 1999 
Primary 
Consultant 
: Project Services, 
QDPW 
: Project Services Architects (Far North 
Queensland) 
Information 
Technology  
: eProject : Project Services LAN with software 
including AutoCAD 12, GroupWise, 
WordPerfect, Lotus, and SAP. 
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3. ORCM RESEARCH ACTIVITIES 
 
This section of the report provides a summary of the various research activities 
undertaken on the ORCM case study and benchmark projects, including: 
• Communication Tools Investigated on each project; 
• Site visits to each project; 
• Types of interviews and surveys undertaken, as well as results and observations 
made by members of the ORCM Research Team; 
• Brief descriptions of the types of benchmark data collected, the analysis 
process undertaken, and results; 
• Performance indicator calculations done for each project to help assess design 
and documentation qualities; and finally 
• Outcome of the cost benefit analysis done on projects. 
 
3.1. Communication Tools Investigated 
3.1.1. Case Study Project #1: Mt Isa Irish Club  
 
Project Leaders Australia and Hutchinson Builders made use of a combination of 
traditional and multimedia technologies (including email) for much of the day-to-
day project related correspondence. The Hutchinson Builders site office in Mount 
Isa made use of a desktop computer for creating and storing most of their 
administrative work using standard packages such as Word and Excel (Microsoft 
Office). A laptop computer and modem was used to send and receive 
electronic communications (email) between themselves, the client and all other 
consultants. Plot files (drawing files sent as an email attachment) were sent from 
the consultants to Hutchinson Builders. A plotter, maintained on site was used to 
print out paper copies (A3 to A1 in size) from the electronic files, for distribution to 
their sub-contractors. Hutchinson Builders also received paper plans from various 
consultants and sub-contractors due to them not having access to email.  
 
The majority of electronic communication between project participants was 
done using the site office fax machine, ‘walkie-talkies’ and mobile phones, 
though the implementation of electronic communication (email) was deemed 
‘relatively successful’ by Hutchinson Builder site staff. A digital camera had been 
successfully used on site to take photographs of various technical issues that 
needed resolving by consultants. These photographs were then sent to them as e-
mail attachments. No video and audio technologies such as desktop (or eyeball) 
cameras were used on this project. 
 
3.1.2. Case Study Project #2: Aspley Leagues Club  
 
A desktop computer with modem had been supplied and delivered to the 
Hutchinson Builders site office in Aspley by the ORCM Research Team. This 
enabled site staff to gain access to the Internet and make use of email and the 
projectCentre system. projectCentre was being used as the IT medium for project 
communications and document control throughout the various phases of the 
Aspley Leagues Club Case Study Project. Research activities on this project 
began by concentrating on collecting and classifying the communication data. 
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Additionally, the ORCM Research Team and the projectCentre software 
development team developed a 'data mining’ program to assist in retrieving the 
specified data.  
 
At the beginning of the Aspley leagues club project activities, members of the 
ORCM Research Team hosted and co-ordinated a projectCentre training session 
for certain design consultants and professionals involved on the project (8 in 
total). The main purpose of the training session was to allow Aspley leagues club 
project team members to familiarise themselves with the use and capabilities of 
the projectCentre system. Additionally, Aspley site staff (Hutchinson Builders) 
requested a second ‘refresher’ projectCentre training session, which was 
provided by Abramo Papp (ORCM Committee Member & projectCentre 
Support) on Thursday, 1 March 2001 – attendance: 1 staff member from Project 
Leaders Australia and 2 from Hutchinson Builders.  
 
Briefly, projectCentre is a “project web portal” or web-based project 
management system for construction industry projects. A web browser is all that is 
required by the project team to gain access to, or transmit project documents 
from any location where Internet services are provided. There is no need for the 
purchase or installation of software nor the download of plug-ins, applets, 'java 
runtime environments', or anything else to use projectCentre. There is, however, a 
set-up cost and weekly usage charge to be covered by the project team.  
 
Within projectCentre, there is a public area where the general public can review 
'project newsletters', 'sales information', and any other information the project 
team wish to make public. A password is required for members of the project 
team to access most of the features of projectCentre. Project team members 
send, receive and manage correspondence, requests for information, 
instructions, variations, drawings and the many other documents involved in the 
construction process. projectCentre also provides a full document management 
system and bureau printing services on-line. Printed project documents can be 
ordered on-line and delivered to one or more project team offices or on-site 
through a network of printing services currently in Brisbane, Sydney, Melbourne 
and Adelaide. This bureau service is being expanded to other states and 
countries in the region.  
 
For more information on the projectCentre System, visit their web site 
http://www.projectcentre.net/. 
 
As for the Benchmark Project (Mt Gravatt Sporting and Workers Club), project 
participants made use of the more 'conventional' or 'traditional' forms of 
communication systems and/or IT tools such as: facsimile, telephone (land line 
and mobile), office desk top computers and LAN (local area network) for daily 
project related communication between the various project participants. E-mail 
and Internet facilities were not significantly used on this project. 
 
3.1.3. Case Study Project #3: Dawson Highway (West of Little Roundstone Creek)  
 
projectCentre was also being used as the IT medium for project communications 
and document control throughout the various phases of the Dawson Highway 
(West of Little Roundstone Creek) Case Study Project.  
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The Dawson Highway (Bluff to Blackwater) Benchmark project participants again 
made use of the more 'conventional' or 'traditional' forms of communication 
systems and/or IT tools such as: facsimile, telephone (land line and mobile) and 
High Frequency 2-way radios, for daily site instructions and other project related 
communication between the Superintendent, Contractor and other project 
participants. E-mail and Internet facilities were not significantly used on this 
project. The Inspector had a Laptop Computer on site for spreadsheet work 
('measure ups' for progress payment purposes, etc).  
 
3.1.4. Case Study Project #4: Toowoomba (Brookstead to Bampas)  
 
projectCentre was again used as the IT medium for project communications and 
document control throughout various phases of the Brookstead to Bampas Case 
Study Project.  
 
In June 2000 (4 months into the project), Abramo Papp (ORCM Committee 
Member & projectCentre Support), accompanied by members of the ORCM 
Research Team, were able to provided an on-site training session, in the use of 
projectCentre, for the Brookstead to Pampas Reconfiguration Case Study Projects 
site personnel (QDMR and Davbridge Construction). The main purpose of the 
training session was to allow project team members to familiarise themselves with 
the use and capabilities of the projectCentre system.  
 
As stated in Section 2.4.1, ORCM researchers decided that this was to be a ‘stand 
alone’ project and that no traditionally delivered (Benchmark) project of similar 
size, value, location (remoteness) etc, to that of the Brookstead to Pampas 
Reconstruction Case Study Project would be identified. 
 
 
3.1.5. Case Study Project #5: Christensens Road State School  
 
The QDPW ‘eProject’ system was being used as the IT medium for project 
communications and document control throughout the various phases of the 
Christensens Road State School Case Study Project. ‘eProject’ is an Internet-
based project management system developed and implemented by Project 
Services (a commercialised business unit of the QDPW). eProject has six main 
electronically linked parts to it: 
 
• Client briefing: 
Once the project team is established and given the appropriate access to 
the Project Services systems, the client brief is created on a computer and 
emailed to Project Services to be stored electronically. Any members of the 
project team or other interested parties with approved security access can 
view the brief. The latest and most up-to-date brief is the only one available 
on the system. 
• Design and documentation: 
As communication is electronic (no paper documents), documents can only 
advance through edit, review, issue and tender stage with the appropriate 
authorisation of the board. Members of the same discipline team (such as 
architects) can only view a document in the edit stage. Once the document 
has left the edit stage, all members of the project team as well as other 
authorised people can view it. 
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• Document viewing and publication: 
Clients wishing to access and/or view documentation can do so using only 
one of the following software plug-ins – i.e.: Structure Format or Computer 
Graphics Metafile - freely available from the web. In the paper-based system, 
sections and details of a building are shown on two separate drawings. 
eProject eliminates this duplication and uses layering to include the same 
drawing for both. To view details, the relevant part of the document is 
magnified and the appropriate notes are displayed. Efficient and 
environmentally responsible, eProject has the potential to substantially reduce 
the number of drawings for a project. Specifications, graphics and 
construction photographs are stored and viewed in the same way. 
• Tender box: 
Once the documents are created, a pre-selected list of contractors has the 
necessary access and information to begin pricing work so that the tender 
period is virtually eliminated. Questions and queries are addressed throughout 
the documentation period. The tender and even prices are securely lodged 
electronically. The system complies with the appropriate Australian standard 
code of tendering and even addresses the possibility of bids arriving late due 
to systems failure. 
• Contract administration: 
All correspondence is handled via e-mail with the master file kept on Project 
Services’ server and is accessible through the project web site - no need for 
excessive paper files. With eProject, document transmission takes just minutes 
and there is no loss of quality, no matter where in the word it is sent. 
• Electronic Plan Room: 
Once the project is completed, all documentation of plans must be securely 
kept for future reference. eProject archives the entire file in the plan room. It is 
immediately accessible 24 hours a day, 7 days a week to any one with 
approved access. There is no loss of quality or integrity with additions and 
alterations automatically updated. 
 
For more information on the eProject system, visit the following Web site: 
http://eproject.projectservices.qld.gov.au/. Additional information is also 
available in the Online Remote Construction Management – Technology Review 
(Crawford, et. al. 2000). 
 
As for the Wonga Beach School Benchmark project, participants made use of the 
more 'conventional' or 'traditional' forms of communication systems and/or IT tools 
such as Project Service's local area network (LAN) with software including: 
AutoCAD 12, GroupWise, WordPerfect, Lotus, SAP, facsimile and telephones (land 
line and mobile) for daily project related communication and information sharing 
between the various project participants. E-mail facilities were not significantly 
used on this project.  
 
3.2. Site Visits 
3.2.1. Case Study Project #1: Mt Isa Irish Club  
 
Regular visits to collect Mt Isa project data were undertaken at times agreed to 
be suitable by project site staff, thereby ensuring minimum inconvenience to 
project personnel. ORCM researchers collected data from Hutchinson Builders’ 
site office located on the Mt Isa Irish Club premises by firstly, undertaking weekly 
visits (for initial orientation) and then regular monthly visits, which (in some cases) 
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lasted between three to five days at a time. Similarly, visits to the Brisbane offices 
of Project Leaders Australia (Architects and Project Manager's) were also 
undertaken. 
 
3.2.2. Case Study Project #2: Aspley Leagues Club  
 
Due to Aspley Leagues Club Case Study project participants using projectCentre 
for the majority of their project related documentation and communication, only 
one visit to the Aspley site office was required by ORCM Researchers towards the 
end of the project.  
 
3.2.3. Case Study Project #3: Dawson Highway (West of Little Roundstone Creek)  
 
At the beginning of the project, an initial site visit was carried out to meet both 
the contracting and Main Roads staff involved with the project. This meeting was 
designed to provide details about what the ORCM project involved and answer 
any questions that they may have had regarding its influence on the way that 
they worked. The outcome of this meeting was that all participants agreed in 
using the system for all formal communication. 
 
Due to Dawson Highway (West of Little Roundstone Creek) Case Study project 
participants using ProjectCentre for the majority of their project related 
documentation and communication, only one further visit to the Emerald District 
office was required by ORCM Researchers towards the end of the project. This 
was done to collect any outstanding project information. 
 
3.2.4. Case Study Project #4: Toowoomba (Brookstead to Bampas)  
 
On it being agreed that the Brookstead to Pampas Case Study project 
participants use projectCentre for their project related documentation and 
communication, ORCM Researchers were required to visit the Toowoomba 
District office and project site office only once (March 2000). 
 
3.2.5. Case Study Project #5: Christensens Road State School  
 
Due to using eProject for the majority of the project related documentation and 
communication, only one visit to the site office was required by ORCM 
Researchers towards the end of the project (December 1999). 
 
3.2.6. Benchmark Projects 
 
Similar to the Mt Isa Irish Club, regular visits to contractor and consultant regional / 
head offices were undertaken by ORCM researchers to collect the benchmark 
data.    
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3.3. Interviews 
 
During site visits, various formal and informal interviews/discussions were 
undertaken with consultants, site staff and other project members and their 
responses documented (Section 4). Initial meetings were designed to introduce 
and provide details about the ORCM project and answer any questions that they 
may have had regarding its influence on their projects.  
 
To establish the current state of the use of communications and information 
technologies (IT) in the organisations involved in the ORCM Case Study Projects, a 
series of interviews were undertaken in May 2000 by Dr John Crawford (Principal 
Experimental Scientist - CSIRO). ORCM Project participants were asked to respond 
to the following IT issues and comment on their company’s approach relating to 
the use and influence of communications and information technology in the 
industry in general, but more importantly, how they relate to the individual ORCM 
Case Study Projects: 
• Existing Systems in Use 
• General description 
• Communications 
• Computers 
• Project Management functions 
• Databases 
• Computer-Aided Design (CAD) 
• Internet and Web 
• Archiving and file back-up 
• Field hardware 
• Potential of Existing system 
• Unutilised capabilities 
• Future developments being put in place in existing systems. 
 
• Hutchinson Builders & Project Leaders Australia: Project Leaders have the 
desire and the commitment to move forward and upward on the scale of IT 
sophistication in building and construction by implementing some initial steps, 
but currently are at the early phases.  Similarly at the early stages, Hutchinson 
Builders are also committed to the ideals of the ORCM project but see the 
very practical issues as extremely important and required to be addressed 
before more fully moving their substantial business interests to a broader 
electronic- or IT-focussed setting. 
The introduction of simple handheld technology for on-site data collection 
purposes; the use of Webcam or remote camera technologies on 
construction sites, as well as further development of a project management 
Web site are deemed highly prospective areas where Hutchinson Builders 
could benefit.  Project Leaders may also benefit from the use of Webcam or 
remote camera technologies on construction sites, as well as from further 
implementation of a project management Web site, and perhaps less from 
the introduction of on-site handheld or automated data collection 
technologies. 
In terms of the classification of project management systems, these two 
organisations are considered in the early “document management” stage 
with certainly the potential and desire to move to the “workflow 
management” stage, but not ready yet to move “all the way” to a electronic 
transaction-based approach. 
• QDMR:  With the IT revolution engulfing the building, construction and 
engineering industries, the two larger organisations, QDMR and Project 
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Services, again are committed to the ideals of the ORCM but would appear 
to have more resources to devote to these outcomes.  Both groups have 
been through the document management stage, and QDMR are taking 
significant steps towards fully integrated project management, while Project 
Services are well down the track of workflow management in their 
development and implementation of project management systems and their 
Electronic Plan Room. 
Wider-spread implementation of an Internet-based project management 
system for QDMR is seen as a logical next step towards raising the level of IT 
sophistication in their operations.  Perhaps unlike the other ORCM participants, 
QDMR have some particular issues in dealing with actual “remote” sites (that 
is, remote for both transport and communications, as compared to sites which 
are simply “distant” from other offices), and so will have special needs for 
implementation of solutions which other participants may not require. 
• QDPW and Project Services: Project Services certainly have a commitment to 
achieving the full potential for IT in the construction industry, and should 
continue to demonstrate success in capturing as many of the benefits as 
possible (for themselves and their client departments) from the IT revolution.  
For Project Services, the vital decision of how to consolidate and extend the 
eProject system has now been made, and they are planning substantial 
investment to permit incorporation and management of electronic 
transactions, tendering and procurement for the project stakeholders.  These 
decisions will position the group as an industry leader and subsequently take 
advantage of the industry’s move to increased levels of IT awareness. 
• Buildon Technologies (ProjectCentre): Buildon Technologies (as a software 
support provider for the CADX [projectCentre] system) are quite different to 
most other ORCM participants, however they have some similarities to Project 
Services regarding further development of their electronic systems - with the 
need to keep: 
• Enhancing the functionality the system provides; 
• Ensuring integration and interoperability with other systems wherever 
possible; and 
• Monitoring the degree of technical and training support that their clients 
require now and in future. 
 
3.4. Surveys  
3.4.1. Survey # 1: ORCM Information Technology (IT) Analysis Survey 
 
The Acton Peninsula Development Project located in Canberra, comprises of the 
National Museum and the Australian Institute of Aboriginal and Torres Strait 
Islander Studies, and is the first major building development in Australia awarded 
on the basis of a joint alliance contract, including the building and services 
contractor. As a part of a major research project surrounding the Acton Peninsula 
Development, researchers have developed a framework for reporting on lessons 
learned about the application of IT in construction during the design, construction 
and project management. The main focus of this framework is the use of IT in the 
design, construction and project management functions, as well as a review of 
the development of IT in the construction industry. The “Information Technology 
Analysis Framework for Acton Peninsula Project” (Tucker et al, 2000) specifically 
examined IT implementation from seven perspectives: 
• Information technology; 
• User utility; 
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• Project organisation; 
• Project management functions; 
• Benefits; 
• Value-adding; and 
• Competitive positioning. 
 
As a part of the Online Remote Construction Management project, research was 
required into the benefits of IT implementation into the construction industry. To 
ensure the original IT Analysis Survey could be administered without delay on the 
various ORCM case study projects, it was proposed that the IT Analysis Framework 
for Acton Peninsular Project (Tucker, 2000) be utilised in the evaluation of IT 
implementation, as well as the benefits, advantages and barriers to that 
implementation. QUT researchers associated with the ORCM project received 
permission to use and modify the framework from the publication authors (CSIRO, 
Griffith University and QUT). 
 
The main aim of the ORCM IT Analysis Survey was to report on lessons learned 
regarding the application of IT during the design, construction and project 
management phases of the project - i.e. to examine the project and 
organisational level of IT implementation and application, as well as potential 
benefits, advantages and/or barriers the project and/or organisation 
experienced by that implementation.  
 
Project participants who made use of the various IT and/or Web-based IT tools 
and/or communication systems (projectCentre and eProject) on the ORCM Case 
Study Projects – i.e.: to generate, receive, store and/or disseminate all project 
related documentation, information and/or communication – and who 
completed the ORCM Information Technology Analysis Survey, included:  
• Architects 
• Consultants 
• Contract Administrators 
• Contractors 
• Engineers 
• IT Implementation Managers 
• Managers/Directors 
• Project Managers 
• projectCentre Representatives 
• Site Foremen 
• Superintendents 
• Superintendent Representatives 
 
In the first section of the ORCM IT Analysis Survey, ORCM researchers asked case 
study project participants to provide a general background to their role in the 
project as well as provide a record of past and/or existing levels of IT ‘exposure’ 
and/or experience on projects. Furthermore, to determine project and 
organisational levels of IT implementation and application, as well as potential 
benefits, advantages and/or barriers projects and/or organisations experienced 
by that implementation during the design, construction and project 
management phases of the project, the second part of the ORCM IT Analysis 
Survey specifically examined IT implementation from 7 different but inter-
connected perspectives (Figure 3-1).  
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Responses, ratings, comments and/or suggestions provided by the ORCM Case 
Study project participants were analysed and assessed in accordance with the 
framework proposed in Kajewski, et. al. (2000).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Tucker, 2000) 
Figure 3-1: Seven IT Implementation Perspectives  
 
Key to Figure 3-1: 
 
1. Information Technology Perspective:  This perspective is the centre of the 
framework.  It focuses on the IT tools used and addresses their technical 
aspects. 
2. User Utility Perspective:  This perspective is concerned with user satisfaction 
and perceived value of IT use.  User satisfaction is expected to play an 
important role in the overall evaluation of the IT tool.  From the user’s 
perspective, the value of the tool is based largely on the extent to which it 
helps the user do the job more efficiently and effectively.  This perspective 
covers usage-related issues of interest to users who interact with the IT tools.   
3. Project Organisation Perspective:  This perspective deals with the role IT plays 
in facilitating the integration of project participants. 
4. Project Management Functions Perspective:  This perspective examines the 
impact of IT on project management functional goals, mainly in the areas of 
information needs, quality and timeliness within the context of design, 
construction and project management functions. The measurement and 
evaluation of project management functions should yield useful data about 
the impact IT has on the productivity and efficiency of these functions. 
5. Benefits Perspective:  This perspective investigates the link between IT 
implementation and any project-related short-term benefits.  The perspective 
includes both tangible and intangible benefits.  Tangible benefits such as time 
and cost savings are expected due to the reduction of paper-based 
workload, faster response times and less rework.  Intangible benefits may 
include process flexibility in generating, handling and manipulating data, 
ease of workload, and ability to detect errors or inconsistencies.  
6. Value-adding Perspective:  Capturing the relationship between IT 
implementation and the overall project delivery process and is a much 
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broader concept than that of the benefits perspective.  It examines the 
perceived value-added aspect of the process in terms of generating business 
value to the client (delivering a project through a more robust delivery 
process) as well as to all project stakeholders (cultural change and extended 
partnerships).  
7. Strategic Positioning Perspective:  In addition to evaluating IT use in a 
particular project, there is also a need to measure and evaluate IT 
contribution to the strategic capability of the organisation.  This perspective 
assesses the impact IT has on the organisation at the strategic level.  It is 
concerned with how lessons learned in this project are disseminated and 
hence contributed to the strategic positioning of the organisation.  For 
example, how benefits achieved are being translated into an increased 
organisational capability and the ability to view IT as an integral part of future 
business and project activities. 
 
ORCM Project participants were asked to score each of the above 7 
perspectives, by choosing a number between 1 and 5 for each pre-weighted 
criteria. A score of 1 was regarded as being the lowest and 5 the highest score 
obtainable for any criteria within each perspective. All the scores were then 
combined and manipulated to get an overall percentage (%) or rating for each 
perspective.  Again a minimum rating of 0% and a maximum rating of 100% could 
be obtained - i.e. the rating determined the project participant’s overall level of 
satisfaction for each perspective in relation to the projectCentre system. 
 
3.4.1.1 Case Study Project #1: Mt Isa Irish Club  
Figure 3-2 shows percentage ratings for each of the 7 perspectives calculated 
from responses provided by Mt Isa project participants and or users of the IT tools 
(on site computer laptop and printer) and communication systems (Internet and 
email) implemented on the project. 
 
Table 3-1 indicates project participant’s overall level of satisfaction in using the 
various IT tools (laptop, onsite printer, etc) and communication systems (including 
email) implementation on the project. 
 
Mt Isa project participants rated the role IT plays in facilitating the ‘integration of 
project participants’ the highest (79%) - indicating project participants believed 
the use and implementation of the various IT tools and communication systems 
(including email) on the project: 
• Enhanced coordination between project participants 
• Reduced response time to answer queries 
• Established and support the project team 
• Empowered participants to make decisions 
 
On the other hand, project participants rated the use and implementation of the 
various IT tools and communication systems on the project the lowest (63%) in 
terms of: 
• Enhancing the organisation's image in the Industry 
• Attracting more sophisticated clients 
• Increasing the capability for global co-operation 
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Figure 3-2: Mt Isa Project Results - 7 Perspectives Compared 
 
Table 3-1: Mt Isa Project – Ranking of 7 Perspectives 
Ranking Perspective Rating (%) 
Level Of User Satisfaction And/Or 
Influence On The Project 
1st Project Organisation 79% Highest 
=2nd 
Information 
Technology & 
Project 
Management 
75% High 
=4th Benefits & Value Adding 72% High 
6th User Utility 68% Above Average 
7th Strategic Positioning 63% Lowest 
 
 
3.4.1.2 -Case Study Project #2: Aspley Leagues Club 
Figure 3-3 shows percentage ratings for each of the 7 perspectives calculated 
from responses provided by Aspley Leagues Club Case Study project participants 
and/or users of projectCentre. 
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Figure 3-3: Aspley Leagues Club Case Study Project Results - 7 Perspectives 
Compared 
 
The above 7 perspectives are ‘ranked’ in Table 3-2, indicating project participants 
overall level of satisfaction in using projectCentre on the project: 
 
Table 3-2: Aspley Leagues Club – Ranking of 7 Perspectives 
Ranking Perspective Rating (%) 
Level Of User Satisfaction And/Or 
Influence On The Project 
1st Information Technology 67% Highest 
2nd Project Management 65% Above Average 
3rd Strategic Positioning 64% Above Average 
4th User Utility 59% Average 
=5th Value Adding & Benefits 55% Average  
7th Project Organisation 52% Lowest 
 
Results indicate that the Aspley Leagues Club Case Study project participants 
rated projectCentre's ‘Information Technology’ perspectives the highest (67%) in 
relation to its: 
• Reliability 
• Secureness against unauthorised use 
• User-friendliness 
• Appropriateness for the application/function 
• Suitability for site conditions (if applicable) 
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Alternatively, project participants rated the role projectCentre plays in facilitating 
the integration of project participants the lowest (52%) – i.e.: believing the use 
and implementation of projectCentre on the project did not significantly: 
• Enhance coordination between project participants 
• Reduce response time to answer queries 
• Establish and support the project team 
• Empower participants to make decisions 
 
3.4.1.3 Case Study Project #3: Dawson Highway (West of Little Roundstone 
Creek)   
Percentage ratings for each of the 7 perspectives calculated from responses 
provided by Dawson Highway (West of Little Roundstone Creek) Case Study 
project participants and/or users of projectCentre are shown in Figure 3-4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-4: Dawson Highway (West of Little Roundstone Creek) Case Study Project 
Results - 7 Perspectives Compared 
 
In summary, ratings (%) for the above 7 perspectives are ‘ranked’ in Table 3-3, 
indicating project participants overall level of satisfaction in using projectCentre 
on the project: 
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Table 3-3: Dawson Highway Case Study Project – Ranking of 7 Perspectives 
Ranking Perspective Rating  (%) 
Level Of User Satisfaction And/Or 
Influence On The Project 
1st Information Technology 68% Highest 
2nd Project Management 62% Above Average 
3rd User Utility 58% Average  
4th Strategic Positioning 56% Average  
5th Value Adding 55% Average 
6th Project Organisation 53% Low  
7th Benefits 52% Lowest  
 
Similar to the Aspley Case Study Project, results show that the Dawson Highway 
Case Study project participants rated projectCentre's ‘Information Technology’ 
perspectives the highest (68%). projectCentre’s assessment criteria pertaining to 
this perspective include: 
• Reliability 
• Secureness against unauthorised use 
• User-friendliness 
• Appropriateness for the application/function 
• Suitability for site conditions (if applicable) 
 
Alternatively, the link between projectCentre implementation and any project-
related short-term benefits (both tangible and intangible) was rated the lowest 
(52%) - indicating project participants were unconvinced with projectCentre’s 
ability to: 
• Save time (e.g. processing, responding, etc) 
• Save cost (e.g., rework, travelling, overheads) 
• Improve document quality 
• Decrease number of design errors 
• Decrease number of RFI’s 
 
3.4.1.4 Case Study Project #4: Toowoomba (Brookstead to Bampas) 
Figure 3-5 shows percentage ratings for each of the 7 perspectives calculated 
from responses provided by Brookstead to Bampas Case Study project 
participants and/or users of projectCentre. 
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Figure 3-5: Brookstead to Bampas Case Study Project Results - 7 Perspectives 
Compared 
 
The 7 perspectives are again ‘ranked’ in Table 3-4, indicating project participants 
overall level of satisfaction in using projectCentre on the project: 
 
Table 3-4: Brookstead to Bampas Case Study Project – Ranking of 7 Perspectives 
Ranking Perspective Rating  (%) 
Level Of User Satisfaction And/Or 
Influence On The Project 
1st User Utility 65% Highest 
2nd Strategic Positioning 60% Above Average 
3rd Project Management 58% Average 
4th Information Technology 55% Average 
5th Value Adding 49% Low 
=6th 
Benefits & 
Project 
Organisation 
48% Lowest  
 
Results show that Brookstead to Pampas Case Study project participants rated 
the ‘User Utility’ perspective of projectCentre the highest (65%). User Utility criteria 
include:  
• Level and frequency of IT tool use (d) most  
• Level and frequency of training provided 
• Level and frequency of technical support provided 
• Accuracy and quality of the tool/system output 
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Yet, the link between projectCentre implementation and any project-related 
short-term benefits (both tangible and intangible) as well as the role 
projectCentre played in facilitating the integration of project participants was 
given the lowest rating (48%) - therefore indicate that Brookstead to Pampas 
Case Study project participants were not entirely convinced with projectCentre’s 
ability to: 
• Save time (e.g. processing, responding, etc) 
• Save cost (e.g., rework, travelling, overheads) 
• Improve document quality 
• Decrease number of design errors 
• Decrease number of RFI’s 
• Enhance coordination between project participants 
• Reduce response time to answer queries 
• Establish and support the project team 
• Empower participants to make decisions 
 
3.4.1.5 Case Study Project #5: Christensens Road State School   
Ratings (%) for each of the 7 perspectives calculated from responses provided by 
Christensens Road State School Case Study project participants and/or users of 
eProject are shown in Figure 3-6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-6: Christensens Road State School Case Study Project Results - 7 
Perspectives Compared 
 
In summary, ratings (%) for the above 7 perspectives are ‘ranked’ in Table 3-5, 
indicating project participants overall level of satisfaction in using eProject on the 
project. 
 
The use of eProject on the Christensens Road State School Case Study Project, in 
relation to its contribution to the ‘strategic capability’ and project activities of the 
organisation, received the highest rating (80%) from it's participants - i.e.: in terms 
of eProject's ability to: 
• Enhance the organisation's image in the Industry 
• Attract more sophisticated clients 
• Increase the capability for global co-operation 
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Alternatively, the level of user satisfaction and perceived value of eProject on the 
Christensens Road State School Case Study Project - i.e.: the extent to which 
eProject helped the user do the job more efficiently and effectively – was given 
the lowest rating (65%). User Utility criteria include:  
• Level and frequency of IT tool use(d) most  
• Level and frequency of training provided 
• Level and frequency of technical support provided 
• Accuracy and quality of the tool/system output 
 
Table 3-5: Christensens Road State School Case Study Project – Ranking of 7 
Perspectives 
Ranking Perspective Rating  (%) 
Level Of User Satisfaction And/Or 
Influence On The Project 
1st Strategic Positioning 80% Highest 
2nd Project Organisation 78% High 
3rd Project Management 77% High 
4th Value Adding 73% High 
5th Information Technology 68% Above Average 
6th Benefits 67% Above Average 
7th User Utility 65% Lowest  
 
3.4.2. Survey # 2: 2nd ORCM Questionnaire 
 
As a part of the Online Remote Construction Management project research and 
analysis was required of a more 'qualitative' or descriptive nature with regard to 
the level of 'impact' the various ORCM Case Study project participants perceived 
the implementation of an IT tool and/or communication system's had on projects.  
 
Researchers associated with the ORCM project received permission to (a) modify 
the original fifteen (15) questions developed by Dr David Thorpe (ORCM 
Committee Member, Capability and Delivery Division, Queensland Department of 
Main Roads) and then (b) ask the following project participants and or users of 
the various IT tools and/or Web-based communication systems (projectCentre 
and eProject), to respond to the adapted 15 ‘qualitative’ questions to help 
determine/evaluate (from the end users perspective) strengths/weakness; 
advantage/disadvantage; success/failures; areas for improvement; process 
and/or implementation gaps; future recommendations; etc: 
• Architects 
• Consultants 
• Contract Administrators 
• Contractors 
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• Engineers 
• IT Implementation Managers 
• Managers/Directors 
• Project Managers 
• projectCentre Representatives 
• Site Foremen 
• Superintendents 
• Superintendent Representatives 
 
From the above project participant responses, ORCM researchers were able to 
identify and document various 'qualitative' problems, issues, limitation and 
recommendations (from an end-user perspective) pertaining to the 
implementation and use of the various IT tools and/or Web-based 
communication systems and can be viewed in Section 4 of this report. 
 
3.5. Collection of Benchmark Data  
 
Collection of ORCM project data was done in accordance with the ORCM data 
Collection Methodology Report (Tilley, 2000). 
3.5.1. Mt Isa Irish Club Case Study Project 
 
As the amount of Mt Isa project data to be collected was likely to be substantial, 
it was collected in a systematic manner thereby ensuring no data was 
overlooked.  Typically, contract documentation such as tendering information 
was excluded, as the ORCM Research Team believe that the contractual process 
of the project could not be influenced.  Even though the Mt Isa project 
commenced prior to the ORCM Research Team’s involvement, data for the entire 
project was still collected.  This required researchers and data collectors going 
back through the project files to obtain the necessary information on previously 
issued documentation. The bulk of the Mt Isa data was obtained from the 
Hutchinson Builders site office in Mt Isa and Project Leaders Australia office in 
Brisbane.  
 
3.5.2. ProjectCentre Case Study Projects 
 
projectCentre had been used on 3 of the 5 ORCM case study projects (Aspley, 
Toowoomba and Dawson Highway). Research activities concentrated on 
collecting and classifying various communication data originating from, or 
directed to and/or via the Principal, Superintendent and representative, 
Contractor, consultants, subcontractors and their suppliers. In an attempt to 
make projectCentre more ‘user friendly’, projectCentre administrators converted 
various standard QDMR forms and documents into electronic format for use on 
the system for the Toowoomba and Dawson Highway case study projects.  
 
Additionally, ORCM researchers and members of the projectCentre software 
development team developed a data 'retrieval/mining program' to assist in 
extracting the communications data required for ORCM benchmarking activities. 
Project data was collected regularly and in a systematic manner thereby 
ensuring no data was overlooked.  This allowed the effectiveness and 
applicability of such ORCM systems to be benchmarked against traditional forms 
of design and construction management activities. Again, contract 
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documentation such as tendering information was excluded, as the ORCM 
Research Team believe that the contractual process of the project could not be 
influenced.   
 
3.5.3. Christensens Road Case Study Project (eProject) 
 
Research activities, promoting an in-depth investigation into the Christensens 
Road State School Case Study Project, concentrated on collecting and 
classifying various eProject communication data originating from, or directed to 
and/or via the various project participants - i.e.: Principal, Superintendent and 
representative, Contractor, consultants, subcontractors and their suppliers. Again, 
project data was collected in a systematic manner thereby ensuring no data was 
overlooked and contract documentation such as tendering information was 
excluded.   
 
3.5.4. Benchmark Projects 
 
Similar to the Mt Isa Irish Club (Section 3.5.1), research activities on the various 
benchmark projects concentrated on collecting and classifying various 
communication data - originating from, or directed to and/or via the various 
project participants. Even though benchmark projects commenced and/or 
finished prior to the ORCM Research Team’s involvement, the entire data for 
these projects was still collected.  This required ORCM researchers and data 
collectors going back through archived project files and documents to obtain the 
necessary information. The bulk of the data was obtained from project site offices 
and/or contractor/consultant regional/head offices.  
 
3.6. Benchmark Data Analysis 
 
An “IT in Construction: Benchmark Methodology” report (Weippert, et. al, 2000) 
had been prepared by ORCM Researchers and delivered to the ORCM Steering 
Committee in November 2000 for the purpose of detailing the methodology by 
which the benchmarking of information technology introduced into the ORCM 
case study projects were assessed. 
 
In analysing the information and communication flow on projects, a number of 
issues were investigated, including but not limited to the following: 
• Total volume of correspondence issued on the project; 
• Volume of correspondence issued at different times throughout the life the 
project; 
• Breakdown of correspondence by correspondence type and sub-category; 
• Breakdown of correspondence by organisations or discipline/trade; 
• Total time involved in the transfer of information; and 
• Overall and average response times for information requests. 
 
As set out in Tilley (2000), the types of data collected and analysed included: 
 
A. Request for Information (RFI) Process: An analysis of the RFI process appeared 
to provide a better indicator of the overall quality of the design and 
documentation process, by enabling the quantification of both the extent of 
the deficiencies within the documents and their relative severity.  By analysing 
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the volume of specific RFI’s in relation to project size and complexity, an 
indication of the extent of design and documentation deficiency could be 
provided.  However, an assessment of the actual response times to these RFI’s 
in relation to the times requested, was also thought to provide an indication of 
the level of severity of the problem.  Although the RFI process (Figure 3-7) is 
used by contractors and sub-contractors for a variety of purposes (Table 3-6) 
its primary function is to formally request additional information, or 
clarifications to existing information, in relation to how the project is to be 
constructed to meet the project requirements  (Mohamed, et al, 1997, Tilley, 
et al, 1997). 
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Figure 3-7: The RFI Process as Adopted by Quality-Assured Organisations 
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Table 3-6: Uses of RFIs 
Type of RFIs 
Alternative Design 
Solutions 
: Alternative design solutions submitted to the design 
team/client for approval 
Submissions for 
Approval 
 
: Drawings, documents, material samples or technical 
information submitted to the design team/client for 
approval. 
Information 
Clarifications 
: Requests for additional information or clarifications to 
existing information, from the design team/client. 
Information 
Confirmations 
: Requests for confirmation of both verbal and written 
information provided in a manner that is not 
contractually binding on the contractor. 
Other : A request that does not conform to a type already 
mentioned 
 
B. Site Instruction (SI) Process: The Site Instruction (SI) process is the primary 
method by which the client’s representative or architect provides formal 
instructions to the contractor.  An analysis of the SI process also provides an 
indicator of the overall quality of the design and documentation process, by 
quantifying the volume of independent and responsive changes to the 
project design or construction methodology.  A simple classification system for 
the breakdown of SI’s was implemented as detailed in Table 3-7:  
 
Table 3-7: Classification System for SIs 
Type Of SIs 
Independent 
Instruction :  Instruction initiated by client or design team 
Response :  Reply to a document e.g. RFI, correspondence 
Confirmation : Verification of previously formal or verbal information 
Other :  Instruction does not conform to a type already mentioned 
 
C. Contract Documents: As the overall quality of the documentation issued 
throughout a project affects project efficiency, a simple analysis of the 
project drawing registers is likely to provide a good initial indication of areas of 
likely documentation deficiency.  An analysis that highlights both the changes 
in the number of individual contract drawings issued and the number of 
revisions made, allows comparisons between projects and the design 
disciplines involved.  The drawing register information collected and cross-
referenced included: 
• Dates drawings were issued; 
• Which design discipline produced the drawings; 
• Drawing revision numbers; and  
• Who the drawings were distributed to. 
 
This information was deemed to be sufficient to allow a more detailed analysis 
of the drawing production and distribution, which could then be used to 
assess the efficiency of the design and documentation process.  As an 
example, an analysis could compare the number of tender drawings with: 
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• The number of new drawings issued on a monthly basis, over the duration 
of the project; 
• The number of drawing revisions issued on a monthly basis over the 
duration of the project; and 
• The change in the total number of drawings and revisions issued. 
 
As the type of project procurement system used on a project has a significant 
influence on the results likely to be achieved, caution had to be taken when 
comparing this type of information with data collected on projects using other 
procurement systems. Like wise, variations, and EOT’s are influenced similarly. 
 
D. Variations: Variations include: increases or decreases in or omissions from the 
works, execution of additional works, changes in rates, fees, and charges 
since the tender stage. Variations had to be collected, and where possible 
include dates, reference numbers, description, magnitude, and if it resulted in 
an EOT.  
 
E. Extensions of Time (EOT): Often EOTs, like variations, are a reflection of the 
quality of documentation, and thus were included as a potential key 
indicator.  
 
F. Communication Flows: To determine the extent of correspondence carried 
out on each project, ORCM researchers provided a graphical representation 
(Figure 3-8 - example only). These ‘Communication Flow Maps’ do not 
represent all the communication carried out on projects, but highlight only 
those organisations where (depending on the availability of data) 4 to 10 (or 
more) items of communication have either been sent to, or received from, in 
relation to the project. The line thicknesses provide an indication of the 
volume of communication occurring between various participants. 
  
Figure 3-8: Information and Communication Flow Map (Example Only) 
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3.7. Performance Indicator Calculations  
 
Although the main aim of collecting data on ORCM projects was to record 
communication flows, it was also considered necessary to concentrate the 
research on those factors that were generated from a poor information flow 
processes. These factors inevitably affect a project’s operational and decision 
making processes and eventuate as rework, RFIs, SIs and variations. The cause, 
influence and effect that these factors had on a project could then be 
categorised into a variety of key indicators and classification systems (Tilley, 2000). 
Yet, in order to determine the validity of these types of indicators, accurate data 
relating to communication regarding the quality of design and documentation, 
needed to be obtained.  
 
Unfortunately, due to time constraints and lack of commitment in using the 
various communication tools on the projects, the data obtained for some of the 
projects appeared to be incomplete and analyses of these key indicators were 
inconclusive. As a result, the following analyses are somewhat less conclusive 
than it might have otherwise been, had the communication tools (projectCentre 
and eProject) been used exclusively, and comprehensively on the projects. 
Therefore, as the ORCM data was incomplete, an incomplete set of information 
clarifications are only available.  
 
A. Information Clarification Extent (ICE1): When considering project size and 
complexity, the product of final contract value and initial project duration is 
seen as being both simple and adequate for the task, especially when the 
projects being compared are constructed at around the same time (Tilley, 
1998).  Therefore, based on the above, the following cost based Information 
Clarification Extent (ICE1) performance indicator was proposed to provide a 
measure of the extent of design and documentation process deficiency. Even 
though information on the ORCM Case Study and benchmark projects is 
known to be incomplete, the following calculations were undertaken to give 
a comparison of the extent of information deficiency between the projects 
based on the information received.  
 
 
 
DCV
NICE c×=1         
 
Where: Nc = number of information clarification type RFI’s 
 CV = estimated final contract value ($100,000’s) 
 D = initial project duration (months) 
    
B. Information Clarification Severity (ICS): On the other hand, for the RFI process 
to operate effectively, it is essential that the revisions and clarifications 
requested are provided by the designers efficiently and without delay.  
Although simple clarifications are likely to be provided quickly and easily, 
more complicated ones are likely to take longer, due to the extra work 
involved.  Whilst the need for information clarifications determines that 
deficiencies in the design and documentation process exist, the time taken to 
respond to these requests provides an indication of how severe those 
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deficiencies are, especially where delays in responding to the requests may 
delay the project.   
 
Integral with the issuance of information clarification type RFIs is a 
determination by the contractor as to the time the information is required to 
ensure that the project is not delayed.  The ability of the design team to 
respond within these time frames ensures that the impact of deficient 
documentation is not aggravated.  However where responses are provided 
late, the delays incurred in waiting for the required information ensure a 
reduction in the efficiency of the construction process. 
 
By dividing the sum of these delays by the number of information clarification 
type RFIs, ORCM Researchers obtained an indication of the overall severity of 
the design and documentation deficiencies on a project (Tilley, 1998) and 
allowed comparisons with other projects.  When determining the severity of 
the deficiencies with the design and documentation process based on the 
Information Clarification Severity performance indicator (ICS), the charts were 
used to evaluate performance. The following ICS performance indicator was 
therefore proposed:  
 
 
 ⎟⎟⎠
⎞⎜⎜⎝
⎛ −= ∑
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Where: Nc       = number of information clarification type RFI’s with a 
specified response time  
Tr        = response time required (days) 
Ta        = actual time of response (days) 
 
Condition: If Tr ≥ Ta  then  (Ta-Tr) = 0 
 
3.7.1. Case Study Project #1: Mt Isa Irish Club 
 
The Mt Isa Case Study Project achieved a result of 0.323 for the Information 
Clarification Extent (ICE
  
1) Evaluation (Figure 3-9): 
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Figure 3-9 Mt Isa Irish Club ICE Evaluation Chart  
 
This project rated in the “very poor” portion of the index, relating to both the size 
and complexity of the project, and the number of information clarifications, 
suggesting that severe deficiencies in the design and documentation process 
existed.   
 
Furthermore, the case study project achieved a result of 0.48 for the Information 
Clarification Severity (ICS) performance indicator (Figure 3-14) 
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Figure 3-10: Information Clarification Severity (ICS) Evaluation Chart 
 
The result (ICS 0.48 – “very poor”) confirms the severity of the design & 
documentation deficiencies in the project are indeed significant, and indicate a 
similar degree of design and documentation deficiencies as that indicated in the 
ICE. 
 
Mt Isa  
Mt Isa 
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3.7.2. Case Study Project #2: Aspley Leagues Club 
 
The Aspley Leagues Club Case Study Project achieved a result of 0.0606 and its 
Benchmark project (Mt Gravatt Sporting and Workers Club) a result of 0.2847 for 
the Information Clarification Extent (ICE
  
1) Evaluation (Figure 3-11): 
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Figure 3-11 Aspley Leagues Club ICE Evaluation Chart  
 
The Aspley Leagues Club project, based on the data from projectCentre, 
indicates that the project performed in the “Average” range, relative to the 
performance of projects used to develop this “complexity” co-efficient. The 
benchmark project, from the limited data available, scored in the “Very Poor” 
range.  To conclude that this result is a true reflection of either project is dubious 
due to the limited data.  Subjective comments from project participants indicate 
a level of satisfaction with the projects that seem contrary to the results achieved 
in the calculations above. 
 
3.7.3. Case Study Project #3: Dawson Highway (West of Little Roundstone Creek)   
 
The information on both the case study and benchmark projects is known to be 
incomplete; however the Dawson Highway Case Study Project (West of Little 
Roundstone Creek) achieved a result of 0.027 and its Benchmark project (Dawson 
Highway - Bluff to Blackwater) a result of 0.064 for the Information Clarification 
Extent (ICE
  
1) Evaluation (Figure 3-12): 
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Figure 3-12 Dawson Highway ICE Evaluation Chart  
 
The above figures indicate that the Case Study outperformed the benchmark 
project. It is likely however that with the complete information for the case study, 
the difference may have been less. 
 
3.7.4. Case Study Project #4: Toowoomba (Brookstead to Bampas) 
 
Unfortunately, since only 2 RFIs were recorded for the Toowoomba Case Study 
Project - related to research and not actual construction process issues - and due 
to no benchmark project identified for comparative analysis (refer Section 2.4), 
researchers were unable to calculate an ICE or ICS for the project.  
 
3.7.5. Case Study Project #5: Christensens Road State School   
 
The Christensens Road State School Case Study project achieved a result of 
0.2083 and its Benchmark project (Wonga Beach School) 0.0556 for the 
Information Clarification Extent (ICE
  
1) Evaluation (Figure 3-13) 
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Figure 3-13 Christensens Road State School ICE Evaluation Chart  
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Whilst the number of information clarifications helps to determine if deficiencies in 
the design and documentation process exist (ICE1), the time taken to respond to 
these requests helps to provide an indication of how severe those deficiencies 
are, especially where delays in responding to the requests, subsequently delay 
the project.  Based on the above figures – and their underlying assumptions – the 
resulting ICE1 rating would appear to indicate that the documentation produced 
for the Wonga Beach State School Project was acceptable, rating at the higher 
end of the “Average” range and almost reaching “Good”, and that the 
contractor on the Wonga Beach State School project appeared to have had 
significantly less problems with the documentation provided. 
 
Furthermore, the Christensens Road State School Case Study Project achieved a 
result of 0.258 for the Information Clarification Severity (ICS) performance 
indicator (Figure 3-14).  
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Figure 3-14: Christensens Road State School Information Clarification Severity 
(ICS) Evaluation Chart  
 
Based on the results in Figure 3-13 and Figure 3-14 (and their underlying 
assumptions) the resulting ICS rating of “Average “ to “Poor” is very subjective 
and the figure of 0.258 may not be truly representative of the project 
performance.  If one had taken out the extreme results from the small sample 
group this would have significantly altered the ICS result.  Equally with a much 
larger sample of data, the ICS might have been considerably different, thus 
resulting in possibly a greater efficiency of the design and documentation 
process.  
 
In summary, the figures appear to indicate that the Benchmark project (Wonga 
Beach State School) ‘outperformed’ the Case Study project (Christensens Road 
State School).  It is unknown whether any other issues (unique to their locations) 
contributed to this difference.  However, due to the incomplete nature of the 
data for both projects it is not possible to conclusively demonstrate whether the 
benchmark project was in fact the better project.  Bear in mind that both projects 
used similar methods of project procurement, where all parties were using familiar 
practices in every respect in the day-to-day operations of the projects.  The only 
other factor that might have contributed to any performance differences might 
well have been the consultant groups for each project, but there is insufficient 
data to make any conclusions in this matter.  
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Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part A 
S Kajewski, A Weippert & P Tilley 
   
 
Page 45 
 
3.8. Cost Benefit Analysis  
 
The “IT in Construction: Cost Benefit Analysis Methodology” report (Weippert, et. 
al, 2000) was prepared by ORCM Researchers for the purpose of detailing the 
methodology by which the cost benefit of IT introduced into the various ORCM 
case study projects were assessed. 
 
3.8.1. Mt Isa Irish Club Case study Project 
 
The Mt Isa Irish Club case Study Project did not include any IT investment beyond 
the normal telephone, fax and some e-mail. Thus there were no additional costs 
in managing the information flows (e.g. documents, etc.), than would be 
considered normal for a construction project. This project thus sets the standard 
for comparison, (where possible) with other ‘traditional’ projects. 
 
3.8.2. projectCentre Case Study Projects 
 
The only additional direct costs incurred were the costs of operating 
projectCentre.  These costs included: 
• Site computer 
• Internet connection 
• projectCentre costs 
• Training costs 
 
While the internet connection and electronic communication costs were 
additional costs, there may have been some reduction in the use of telephone 
and fax but this was not measured and the limited use of ProjectCentre minimised 
any such savings.  Compliance to the QDMR document Management System 
also necessitated a certain degree of double entry/ recording of 
correspondences sent via ProjectCentre.   From comments made, it would 
appear that the participants found the use of projectCentre improved the 
communications between all the participants in the project but were 
unconvinced about the prospects for reducing costs.   
 
The noted benefits such as sending copies of correspondence to a large number 
of people simultaneously and not having to check on difficult to read hand 
writing or poor copies are difficult to cost as benefit. The improved accuracy of 
information raises the quality of the information and should have a spin off in a 
better result even if it just reduces uncertainties. Again these benefits are difficult 
to estimate but do appear to have been noted by the participants in their 
approval of projectCentre as an improvement in project communication. 
 
The implementation costs were minimal in relation to the cost of the project.  The 
concern was more with getting appropriate and reliable internet access rather 
than the cost of doing so.  Any time saved through use of the system was easily 
lost on learning how to use the system but such “costs” would decline with 
practice and familiarity with the system.  It appeared that most of the participants 
regarded the use of projectCentre as a trial and thus absorbed any problems in 
their learning phase.  Such costs and benefits are even more difficult to measure. 
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Any cost-benefit analysis is of little consequence unless all participants in the 
project used the system as their main communication channel in an efficient 
manner.  The small costs of implementing projectCentre would indicate that 
benefits do not have to be large for there to be a positive net benefit but none 
were evident on these projects. 
 
3.8.3. Christensens Road State School Case Study Project 
 
The only additional direct costs incurred were the costs of operating eProject.  
These costs included: 
• Off-site computer in superintendent’s representative Harvey Bay office, the 
contractors head office in Kunda Park (Maroochydore) and Project Services 
head office in Brisbane 
• Internet connection 
• eProject costs 
 
Again, similar to projectCentre, while the internet connection and electronic 
communication costs were additional costs, there was some reduction in the use 
of telephone and fax but this was not measured.  From comments made, it would 
appear that the participants found the use of eProject improved the 
communications between all the participants in the project.  However when 
financial documents or those needing signatures were required to be transmitted, 
hard copies continued to be used.  These communications benefits are intangible 
and thus difficult to cost as a benefit. 
 
The improved accuracy of information raises the quality of the information and 
should have a spin off in a better result even if it just reduces uncertainties.  Again 
these benefits are difficult to estimate but do appear to have been noted by the 
participants in their approval of eProject as an improvement in project 
communication.  Other benefits such as sending copies of correspondence to a 
large number of people simultaneously and not having to check on difficult to 
read hand writing or poor copies were not mentioned.   
 
The implementation costs were minimal in relation to the cost of the project.  The 
concern was more with getting appropriate and reliable internet access rather 
than the cost of doing so.  Any time saved through use of the system was easily 
lost on learning how to use the system but such “costs” would decline with 
practice and familiarity with the system.  It appeared that most of the participants 
regarded the use of eProject as trial and thus absorbed any problems in their 
learning phase.  Such costs and benefits are even more difficult to measure. 
 
Any cost-benefit analysis is of little consequence unless all participants in the 
project used the system as their main communication channel in an efficient 
manner.  eProject is only one part of a system which includes ePlan and 
eTendering and it is the integration of all three which will likely provide the main 
benefits.  The small costs of implementing eProject would indicate that benefits 
do not have to be large for there to be a positive net benefit. 
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4. PROJECT PARTICIPANT PROCESS IMPROVEMENT RECOMMENDATIONS 
 
From project participant responses to the 2nd ORCM Survey (Section 3.4.2), ORCM 
researchers were able to identify and document the following 'qualitative' 
problems, issues, limitation or process gaps (from a end-user perspective) 
pertaining  to the implementation and use of the various IT tools and/or Web-
based communication systems (projectCentre and eProject) on ORCM Case 
Study Projects: 
• IT implementations must create a feeling of trust (reliability, relevance etc) to 
the potential user. 
• Both client and contractor want to learn only one system for ease of use, 
understanding of its capabilities, etc so commonality of access, features and 
data entry is most important. Either there is one industry/client wide system or 
there is a common user interface. 
• The capabilities and/or functionality have to be compatible with most other IT 
products and/or systems used in the industry – potentially saving overall 
project time, cost, labour, errors, etc. 
• The quality and accuracy of any project related communication or 
information (electronic or paper based) is still directly dependant on the user 
of the IT tool and/or creator of that piece of information or correspondence. 
• Training and system support are a must, including regular onsite 
demonstrations of the proposed IT tool or communication system are required.  
Training in use of the IT system is essential to be able to identify or be aware of 
potential errors generated by others in providing the information, i.e. there 
must be understanding of what the system is capable of doing and any IT 
implementation must not be a “black box” of information processing. Access 
to a 24-hour telephonic and online 'Help Desk' is essential. 
• Trialling an incomplete system or one that has not had much exposure to users 
should be treated as a special case and not left to the users to solve the 
problems. 
• Any implementation of a new system should be fully resourced to ensure that 
all aspects are covered during the early stages of development and to 
reassure users that there is a corporate commitment. 
• Reliability and adequacy (including sufficient speed) of the communications 
is essential to gain commitment from potential users.  If it works well, new 
technology will be taken up so cutting costs on critical parts of a new system 
should not be considered. 
• The user is a key factor in gaining advantage from an IT system - taking only 
the type or potential advantages of a newly developed IT tool or 
communication system into consideration, is not enough when implementing 
IT on any remote project site; users needs must be a prime focus. 
• Whilst developing a new product, the end users must be involved from the 
beginning - Design for the construction industry - by the construction industry. 
• Legal issues such as electronic signatures and requirements for hard copies 
need to be clarified. 
• Free access to downloadable and compatible readers and/ or ‘plug-ins’ for 
common access to data must be provided by IT tool or communication 
system / process developers. 
• All project participants and stakeholders need to be fully committed to using 
the new IT tool or communication system, with “buy in” at the highest level 
within the participating companies involved.  The project Superintendent (or 
equivalent) should be the driver of IT uptake for a project.  
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Unfortunately, due to other commitments and/or time constraints, not all of the 
previously mentioned project participants were available to complete the 2nd 
ORCM Questionnaire. Therefore, the above process improvement 
recommendations; and the actual performance of the various projects is 
inconclusive. Further data may well yield significantly different results. 
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5. ORCM BEST PRACTICE GUIDELINES  
 
The ORCM Research Team - through exhaustive research activities (Section 3 and 
4) - identified the following ‘ORCM Best Practice Guidelines’ that are critical in 
helping ensure successful implementation of IT tools and/or Web-based 
communication systems and/or processes on geographically dispersed (remote) 
civil and building construction projects (Figure 5-1): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5-1: ORCM Best Practice Guidelines for Implementing IT & Web-based 
Communication Tools / Systems  
 
Key to Figure 5-1: 
 
1. One System (One Project – One Team – One System): Project participants 
want to learn to use only one IT tool or Web-based communication system 
for ease of understanding its capabilities, etc: 
• System Compatibility: The capabilities and functionality have to be 
compatible with most other IT products and Web-based 
communication systems used in the industry – potentially saving overall 
implementation time, cost, labour, errors, etc. Application of a Web-
based communication system must not be a “black box” of 
information processing. 
• Ease of Data Entry: Commonality of a Web-based communication 
system’s access features and ease of data entry is most important. 
Free access to downloadable and compatible readers and ‘plug-ins’ 
for common access to data must be provided by IT tool and Web-
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based communication system developers. Either there is one 
industry/client wide system or there is a common user interface.  
• Fully resourced Implementation: Trialling a Web-based communication 
system (that has not had much exposure to industry participants) 
should be treated as a ‘special case’ with proper backing, support 
and experience from developers, implementers and researchers – i.e.: 
a new IT system should be fully resourced to ensure that all aspects are 
covered during the early stages of its implementation (e.g.: reliability, 
capability, etc. of essential project communications). 
2. End User – Prime Focus: The end user is a key factor in gaining advantage 
from a Web-based communication system. Taking only the type or 
potential advantages, capabilities, etc of a newly developed IT tool or 
Web-based communication system into consideration is not enough 
during implementation. End user needs, expectations, requirements, 
recommendations, comments, etc must be a prime focus: 
• User v Quality and Accuracy: The quality and accuracy of any project 
related communication or information (electronic or paper based) is 
directly dependant on the user or creator of that piece of information 
or correspondence (with or without an IT tool) - technology alone is 
not enough to guarantee improved quality and accuracy of project 
related communications. 
• Trust: Implementing a new IT product or Web-based communication 
system must create a feeling of trust (reliability, relevance, need, etc.) 
for potential users. 
• Designed for the Construction Industry by the Construction Industry: 
Whilst developing a new IT product or Web-based communication 
system, the end users must be involved from the beginning to ensure a 
greater chance of successful IT uptake. 
3. Training: Training in the use of a new Web-based communication system is 
essential. This includes continuous access to a telephonic or online 'Help 
Desk', regular onsite demonstrations and ‘refresher’ training sessions to 
ensure continuous learning and understanding of what the system is 
capable of, as well as recognising and accepting its limitations. 
4. Commitment: All project participants and stakeholders need to be fully 
committed to using the new IT tool or Web-based communication system, 
with “buy in” and collaboration at the highest level within participating 
companies, thereby reassuring and guaranteeing potential users of a 
‘corporate commitment’. 
• IT Driver: Every project should have a ‘driver’ of IT uptake 
(Superintendent or equivalent), encouraging, supporting and 
monitoring its application and its use throughout all phases of a 
project. 
• Legal Issues: ORCM defined ‘Critical Success Factors’ are susceptible 
to the current legal status regarding electronic transmissions, the use of 
electronic signatures, etc. Commitment by both government and 
industry sectors is required to help develop more innovative strategies 
to build a stronger and more competitive construction industry. ORCM 
Committee Members and their organisations have sought legal 
advice regarding the use of electronic communications on both 
public and private sector projects. These legal investigations are 
aimed at strengthening organisational and individual legal status 
when utilising electronic transactions or communications on building 
and civil projects. With the introduction of an ‘Electronic Transaction 
Act’, current legal issues are likely to be strengthened when making 
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use of electronic communications on projects and provide better 
management of risks such as:  
• Authenticity: This concerns the source of the communication - 
does it come from the apparent author? 
• Integrity: Whether or not the communication received is the same 
as that sent - has it been altered either in transmission or in 
storage? 
• Confidentiality: Controlling the disclosure of and access to the 
information contained in the communication. 
• Matters of evidence: This concerns e-communications meeting 
current evidentiary requirements in a court of law, for example, a 
handwritten signature. 
• Matters of jurisdiction: The electronic environment has no physical 
boundaries, unlike the physical or geographical boundaries of an 
individual state or country. This means that it may be uncertain 
which State’s or country’s laws will govern legal disputes about 
information placed on the Internet, or about commercial 
transactions made over the Internet (Electronic Transactions Act, 
1999). 
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6. CONCLUSION 
 
The Online Remote Construction Management (ORCM) research project 
attempts to demonstrate the need to facilitate the use of innovative IT tools 
and/or Web-based communication systems and/or process solutions for the 
design, management and construction of remotely located building and civil 
construction projects. In general, the outcomes of the Online Remote 
Construction Management (ORCM) research project were unfortunately not able 
to be determined quantifiably.  Whilst the use of innovative Web-based IT 
solutions were perceived by many as being convenient, inexpensive, and fast, no 
matter the distance between team members, it cannot be conclusively 
determined (from the data collected) whether these Web-based IT solutions 
positively influenced the nature of communications between the project 
participants or not.  
 
The ORCM ‘Best Practice Guidelines’ help reinforce the need for further research 
and development (R&D) of (a) innovative ICT tools and ICPM communication 
systems (similar to ProjectCentre and eProject), and (b) identifying improved 
implementation procedures and application opportunities within the construction 
industry.  
 
The results of this research project conclusively indicate that by: 
• continuing to identify ways to overcome industry cultural ‘barriers’;  
• ‘modifying’ traditional work ‘habits’;  
• improving current technical ‘limitations’; and  
• encouraging the use of innovative communication solutions,  
It will be possible to increase IT knowledge, awareness and skills of all industry 
stakeholders, thereby resulting in a major social impact (in both public and 
private industry sectors) that will integrate the construction industry in a unique 
and distinctive way, never before experienced. 
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Appendix A. Online Remote Construction Management (ORCM) Project 
 
Computer application within construction companies began little more than a 
decade after the first electronic computer was built (1950s). It seemed like a 
promising start when breakthrough computer-based project management 
techniques such as the critical path method (CPM) moved quickly into the 
construction industry. Now that the construction industry is in its fourth decade of 
computer applications things have been changing more rapidly (Boyd and 
Paulson1, 1995). 
 
Construction, unlike many other industries, is heavily fragmented with numerous 
design firms, contractors, subcontractors, and suppliers involved in almost every 
project. Computers can provide unifying modelling, management and 
communications systems to bring the unique talents of these parties together in a 
more productive and integrated manner. Boyd and Paulson (op. cit.) comment 
that leading consulting and construction firms are increasingly recognising 
computers as a strategic technology, and it is very probable that these firms will 
be the ones who will ensure the industry’s success in the future. 
 
Despite advances in computing and IT, the construction industry is making 
insufficient use of transferring project data and information electronically. 
McCaffer et.al.2 (1991) argue that data exchange between project participants is 
still largely undertaken on paper. Further, the construction industry has been 
identified as not having a coherent and integrated computer system that 
encompasses the whole of the construction process from design, through 
construction, to final account and facilities management, even though the 
existing technology can make this possible.  
 
Increasingly, design offices have become relatively sophisticated in their use of 
computer-assisted tools when compared with the construction site. The linking of 
key offices and the personnel and data sources held there with the site office 
enables design and other information to be transmitted and downloaded, from 
both ends. Currently, information is often ‘lost’ in the sense that vital information is 
not retained for easy re-use and must be re-entered, or bulky manuals and 
drawing folios must be carried, to ensure the employee working out of the office 
has rapid access to the information needed to perform some of their tasks. 
 
The nature of building and civil construction projects requires team members to 
attend the construction site to resolve issues that arise during the design, 
documentation, and construction stages of a project. Australia, in particular, is a 
large country with dispersed projects and team members usually headquartered 
in the major cities and regional centres. Extensive travel is therefore necessary, 
with inefficiencies in time and delays in decision-making. Innovative techniques 
allowing collaboration across a wide area network between the consortiums will 
promote rapid resolution of outstanding project issues as well as reducing the 
need for personnel to spend unnecessary travel time. 
 
                                                
1 Boyd, C. and Paulson, J. (1995), Computer Applications In Construction. McGraw-Hill, Inc., 
Singapore. 
2 McCaffer, R., Baldwin, A., Carrillo, P. and Thorpe, A. (1991), The Future of IT In Construction - An 
Academic Viewpoint. Technical Information Service. The Chartered Institute of Building, TIS No. 
132. 
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Approaches within Online Remote Construction Management (ORCM), including 
Collaborative Computer-supported Design and Construction (CCDC) and 
Internet-based Construction Project Management (ICPM), have the potential for 
saving considerable time during the various design stages and improving design 
and documentation quality, due to benefits such as less re-entering of data 
amongst the design team; less correcting of drawings because of miss-
understanding or miss-timing of changes; less checking because of the common 
database; and less seeking of irrelevant details. 
 
Appendix A.1ORCM Project Aims and Objectives 
 
The aim of the ORCM project is to demonstrate leadership in facilitating the use of 
online technologies for the design, management and construction of building 
and civil construction projects. It aims to identify and implement appropriate 
communication and information technology solutions that will improve resource 
management, support and integrate total project life cycle considerations, 
increase efficiencies on projects, ultimately reduce overall cost and improve 
project outcomes to project participants in the public and private sectors. 
 
The ORCM project will test, field trial and/or evaluate information and 
communication systems allowing the above issues to be addressed, evaluated 
and studied in depth. In particular, the project will establish up to nine case study 
projects that will foster the expansion of communication and information 
technologies in the building and civil construction sectors, thus stimulating the use 
of such technologies in public and private building and infrastructure projects. This 
will result in an increase in information technology knowledge, awareness and 
skills of companies in both the public and private sector. 
 
Appendix A.2 Project Significance 
 
The New South Wales Government (Information Technology in Construction: 
Making IT Happen) comments that a $10 million project with monthly cash-flows 
of $500,000 might have as many as 50 contracts, 5 different consultants, 200 
tenders, 600 final drawings, 3,000 amended drawings, 150 contract variations, 600 
site instructions, and 6 meetings per week. The use of appropriate IT would be 
invaluable in improving the efficiency and productivity of such projects. Further, 
the New South Wales Government indicates that even a 1% improvement in 
productivity on their annual expenditure of approximately $6 billion could fund 
the equivalent of 1 major hospital or 20 primary schools per annum. Nationally, 
the construction industry is valued at approximately $30 billion per annum and 
with preliminary studies indicating that with appropriate utilisation of IT a 1% 
improvement in productivity may be conservative, the potential benefit for the 
construction industry is considerable. Some research indicates that when 
considering the entire project process, project delivery duration may be 
shortened by up to 30%. 
 
Appendix A.3 Project Activities 
 
The ORCM project commenced in July 1999 and proposes to test, field trial 
and/or evaluate online information and communication systems on up to 9 case 
study projects over a 2-year period. This will foster the expansion of 
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communication and information technologies in the building and civil 
construction sectors and result in an increase in IT knowledge, awareness and skills 
of companies in both the public and private sector. Such systems should: 
 
• substantially enhance the capacity of design and construction professionals 
and trades personnel to improve the two-way flow of accurate, appropriate 
and timely information within and between central offices and project sites;  
• improve industry efficiency and competitiveness;  
• lower the effective cost of design and construction; and  
• improve the communication and working relationships of all parties. 
 
To ensure a proper outcome for the project and the industry as a whole, the 
project incorporates the following generic stages: 
 
• identifying the key features that make up advanced use of sophisticated 
computing and e-communications technology in the design and construction 
management process, by phase and activity; 
• identifying specific improvements that are needed in existing communications 
and construction management processes; 
• identifying specific advanced IT solutions, which can support improvements in 
communications and construction management processes; 
• adopting existing technology and developing new technology to enable 
communications and construction management improvements; 
• implementing the designated technologies on selected remote civil and 
building construction projects; 
• conducting case study analysis of the benefits provided by the 
implementation of the advanced IT solutions; 
• preparing a set of draft best practice guide-lines; 
• conducting workshops and seminars to disseminate to industry the results of 
the case studies; and 
• identifying specific target benefits and outcomes through use of this 
technology. 
 
Appendix A.4 Project Partners 
 
The Information Industries Bureau (IIB) of the Queensland Government 
Department of Communication and Information, Local Government, Planning 
and Sport are charged with the task of encouraging industry take up of IT and 
have a particular interest in supporting research into construction industry 
applications.  
  
The Queensland Department of Main Roads (DMR) is one of the largest clients in 
the Queensland construction and engineering sector. Through the Roads Delivery 
Division, DMR’s interest in this project is to investigate methods, which may 
improve the efficiency and effectiveness of communications between dispersed 
sites – Queensland having the most dispersed infrastructure of any of the states. 
 
The Queensland Department of Public Works (DPW) through the Industry Policy 
Unit and Project Services represents the largest client and the largest service 
provider in the Queensland building design and construction sector. The DPW, 
and Project Services in particular, is trialling its capability to procure buildings using 
new and emerging technologies in information communication technology and 
management. A key component of this capability development is the conduct, 
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measurement and analysis of demonstration e-projects. The aim is to integrate 
existing and new technologies in all phases of the procurement process. 
 
Construction Queensland is the Industry led umbrella organisation responsible for 
identifying areas of strategic reform for the Queensland Building and Engineering 
Construction industry. The aim of CQ is to unite both industry and government 
towards strategies and objectives that move the industry towards adoption of 
change management practices. The role of CQ on the ORCM projects is to 
increase the awareness of Industry in the hope that widespread adoption and 
acceptance will occur on future B&C projects. Additionally, CQ support projects 
that demonstrate how Queensland Industry can become more innovative and 
technologically capable for the global competitive market. 
 
Project Leaders Australia is a project management group and architectural 
practice, which specialises in clubs and hotels and in refurbishment work and 
extensions generally. Its team of professionals have core skills in a variety of 
building related disciplines including architecture, interior design, engineering, 
quantity surveying, and professional project management.  
 
Hutchinson Builders (HB) is a medium sized building company with a high 
proportion of country projects and a particular interest in developing more 
sophisticated communications technologies. 
 
Buildon Technologies Pty Ltd (BT) is an IT Consulting and Software Development 
company supporting the Building and Construction Industry. Buildon's role in the 
ORCM project is as the Queensland representatives for projectCentre, a web-
based construction project management tool being used by some of the ORCM 
projects in evaluating online and remote construction management. Apart from 
projectCentre training and support, Buildon also assists with the customisation of 
projectCentre to enable data mining of the project databases by the CSIRO and 
QUT research team. 
 
The research activities are being project managed by the Queensland University 
of Technology (QUT) and are being conducted by the QUT-CSIRO Construction 
Research Alliance. This research alliance offers leading industry expertise in 
construction process re-engineering and the built environment through 
information technology, artificial intelligence, simulation, optimisation, 
mathematical modelling, logistics, operations research, software development 
and field studies. Together, CSIRO and QUT are positioned to make substantial 
scientific advances to assist industry and government in Queensland in building 
design and construction, and civil and mining engineering planning. The QUT-
CSIRO Construction Research Alliance offers an integrated team that is 
developing national and international recognition as leaders in built environment 
processes and technologies. The genesis of the Alliance began as an informal 
relationship over the last 5 years between CSIRO’s Division of Building, 
Construction and Engineering and QUT’s School of Construction Management 
and Property, and has resulted in the signing of a formal agreement – the first 
construction research alliance of its type in Australia. 
 
Appendix A.5 Project Committees 
 
The project is co-ordinated at an executive level through a project steering 
committee consisting of members from each of IIB, DMR, DPW, QUT, CSIRO, PL, 
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HB, CQ and BT. QUT has entered into separate agreements with IIB, DMR and 
DPW. CSIRO has been subcontracted to QUT for the provision of research and 
technical assistance to the project. Under these agreement arrangements, an 
individual project partner is unable to control the activities or expenditure of 
another partner. As such, the role of the steering committee is one of an advisory 
role – individual project partners are ultimately responsible for ensuring that 
research progress on their component of the project is satisfactory. The charter of 
this steering committee is to maintain overall co-ordination of the project to 
ensure deliverables are met as scheduled and to approve project expenditure. 
Meeting on a monthly basis, the steering committee members are: 
 
• Ms Sue Mackenzie-Smith, Information Industries Bureau, Queensland 
Department of Communication and Information, Local Government, Planning 
and Sport (Chair) 
• Dr David Thorpe, Roads Delivery Division, Queensland Department of Main 
Roads 
• Ms Kay Janis, Industry Policy Unit, Queensland Department of Public Works 
• Ms Sue Schmotz, Construction Queensland 
• Mr Craig Carpenter, Project Services, Queensland Department of Public Works 
• Mr Craig Cornish, Project Leaders 
• Mr Wayne Cullen, Hutchinson Builders 
• Mr Abramo Papp, Buildon Technologies 
• Mr Paul Tilley, CSIRO 
• Mr Achim Weippert, QUT 
• Dr Stephen Kajewski, QUT (Project Manager) 
 
Appendix A.6 ORCM Research Team 
 
The research is being undertaken through the QUT-CSIRO Construction Research 
Alliance. The ORCM Project Manager, Dr Stephen Kajewski, manages the day-to-
day operation of the project and associated research through co-ordination 
meetings of the Alliance members, which are typically held on a fortnightly basis. 
The members of the Alliance involved in this project are: 
 
• Dr Stephen Kajewski, QUT (Project Manager) 
• Mr Achim Weippert, QUT 
• Dr Selwyn Tucker, CSIRO 
• Mr Paul Tilley, CSIRO 
 
Other QUT-CSIRO Construction Research Alliance researchers involved with this 
project on as “as-needed” basis are: 
• Professor Tony Sidwell, QUT 
• Dr John Crawford, CSIRO 
 
 
 
 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part B: Case Study Report: Mt Isa Irish Club 
 S Kajewski, A Weippert & P Tilley 
   
 
 
 
Online 
Remote 
Construction 
Management 
 
 
 
 
 
Part B: 
Case Study Report: Mt Isa Irish Club 
 
 
 
 
 
 
S. Kajewski, A. Weippert and P. Tilley 
 
 
 
 
 
Building, Construction & 
Engineering 
 
Construction Research Alliance 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part B: Case Study Report: Mt Isa Irish Club 
 S Kajewski, A Weippert & P Tilley 
   
 
 
 
 
 
 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part B: Case Study Report: Mt Isa Irish Club 
 S Kajewski, A Weippert & P Tilley 
   
 
Page i 
Table of Contents 
 
1. Introduction _____________________________________________________________1 
 
2. Mt Isa Case Study Project ________________________________________________3 
2.1. Project Description __________________________________________________3 
2.1.1. Project Organisation Structure ___________________________________3 
2.2. Data Collection Activities ____________________________________________4 
2.2.1. Site Visits________________________________________________________4 
2.2.2. Collection of Data ______________________________________________4 
 
3. Information Technology Utilised___________________________________________7 
3.1. Online Remote Construction Management (ORCM) Technology Review7 
3.1.1. Results and Recommendations __________________________________8 
 
4. Information Technology (IT) Analysis Framework ___________________________9 
4.1. Background ________________________________________________________9 
4.2. Information Technology Analysis Framework for the Acton Peninsula___12 
4.3. ORCM Application of the Information Technology Analysis Framework for 
the Acton Peninsula_______________________________________________________13 
4.4. ORCM Aim for the Information Technology Analysis Survey____________13 
4.5. ORCM Implementation of the Information Technology Analysis Survey_13 
4.6. ORCM Information Technology Analysis Survey - Section Breakdown __14 
4.6.1. Section 1 – General Information_________________________________14 
4.6.2. Section 2 – Seven IT implementation Perspectives ________________14 
4.7. Results from the ORCM Information Technology Analysis Survey _______15 
4.7.1. Results - Section 1 (General Information)_________________________16 
4.7.2. Results - Section 2 (Seven IT Implementation Perspectives) ________18 
 
5. Mt Isa Case Study Data Analysis _________________________________________23 
5.1. Communication Flows ______________________________________________24 
5.2. Breakdown of Correspondence _____________________________________26 
5.2.1. RFI Process_____________________________________________________26 
5.2.2. Site Instruction Process__________________________________________28 
5.2.3. Contract Documents___________________________________________28 
5.2.4. Variations _____________________________________________________29 
5.2.5. Extensions of Time ______________________________________________29 
5.2.6. Breakdown of Correspondence - Organisation __________________29 
5.2.7. Timing of Correspondence _____________________________________30 
5.3. Performance Measures _____________________________________________31 
5.3.1. Information Clarification Extent _________________________________31 
5.3.2. Information Clarification Severity (ICS) Formula___________________32 
5.3.3. Variations _____________________________________________________34 
5.3.4. Extensions of Time ______________________________________________35 
5.3.5. Site Instructions ________________________________________________35 
5.3.6. Response Times ________________________________________________36 
5.3.7. Drawing Register_______________________________________________38 
5.4. Mt Isa Case Study Data Analysis Summary ___________________________39 
 
6. Cost Benefit Analysis ____________________________________________________41 
6.1. Introduction to Cost Benefit Analysis _________________________________41 
6.2. Why a Cost Benefit Analysis? ________________________________________41 
6.3. ORCM Cost Benefit Analysis Activities ________________________________42 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part B: Case Study Report: Mt Isa Irish Club 
 S Kajewski, A Weippert & P Tilley 
   
 
Page ii 
7. Process Improvement ___________________________________________________43 
7.1. ORCM Interview____________________________________________________43 
7.2. Identified Gaps to Process __________________________________________43 
7.3. Recommendations for Improvement ________________________________44 
 
8. Conclusion _____________________________________________________________45 
8.1. Best Practice - Critical Success Factors_______________________________45 
8.1.1. Industry Fragmentation and Location of Project__________________45 
8.1.2. Site Location v Technological Limitations ________________________45 
8.1.3. The Need for Change __________________________________________45 
8.1.4. Training and Education_________________________________________46 
8.1.5. Product v End User _____________________________________________47 
8.1.6. Clients_________________________________________________________47 
8.1.7. Commitment Level_____________________________________________47 
8.1.8. Legal issues ____________________________________________________48 
 
9. Bibliography____________________________________________________________51 
 
 
 
 
 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part B: Case Study Report: Mt Isa Irish Club 
 S Kajewski, A Weippert & P Tilley 
   
 
Page iii 
 
List of Figures 
 
 
Figure 2-1: Mt Isa –Contractual and Information Flow Diagram __________________4 
 
Figure 4-1: Seven IT Implementation Perspectives (Tucker, 2000) ________________14 
Figure 4-2: Mt Isa Project Results - General Information _________________________16 
Figure 4-3: Combined Results of 4 ORCM Case Study Projects - General 
Information _________________________________________________________________18 
Figure 4-4: Mt Isa Project Results - 7 Perspectives Compared ___________________19 
 
Figure 5-1: Number of Firms Corresponding with Hutchinson and Project Leaders 24 
Figure 5-2: Information and Communication Flow Map – Mt. Isa Irish Club_______25 
Figure 5-3: Number of Firms Contacting Hutchinson and Project Leaders________25 
Figure 5-4: Number of Firms Corresponding With Hutchinson and Project Leaders26 
Figure 5-5: The RFI Process as Adopted by Quality-Assured Organisations _______27 
Figure 5-6: Monthly Data Transferred Over the Course of the Project____________30 
Figure 5-7: Comparison of RFI’s, SI’s and Variations Received___________________31 
Figure 5-8: Requests for Information (RFI) by Type ______________________________31 
Figure 5-9: Information Clarification Extent (ICE) Evaluation Chart ______________32 
Figure 5-10: Information Clarification Severity (ICS) Evaluation Chart ____________34 
Figure 5-11: Comparing Timing and Number of Variations______________________35 
Figure 5-12: Number of Site Instructions by Month______________________________36 
Figure 5-13: Classification of Site Instructions by Type___________________________36 
Figure 5-14: Response Times for Requests for Information _______________________37 
Figure 5-15: Number of Requests for Information by Response Times ____________37 
Figure 5-16: Drawing Categories by Design Discipline __________________________38 
 
 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part B: Case Study Report: Mt Isa Irish Club 
 S Kajewski, A Weippert & P Tilley 
   
 
Page iv 
 
List of Tables 
 
 
Table 2-1: Mt Isa Irish Club Project Statistics_____________________________________3 
 
Table 4-1: Business Use of PC's and the Internet________________________________10 
Table 4-2: Benefits of Business Use of the Internet ______________________________11 
Table 4-3: Barriers of Business Use of the Internet _______________________________11 
Table 4-4: Mt Isa Project – Ranking of 7 Perspectives ___________________________21 
 
Table 5-1: List of Incoming and Outgoing Correspondence Assessed ___________23 
Table 5-2: Uses of RFI_________________________________________________________27 
Table 5-3: Classification System for SI’s ________________________________________28 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part B: Case Study Report: Mt Isa Irish Club 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 1 
1. Introduction 
 
The Australian construction industry is plagued with many problems. Arguably one 
of the most significant problems presently facing the industry is communication. 
The industry is characterised by inaccurate and untimely communications that 
often results in costly delays to the progress of a construction project. If the current 
level of international research activities are any guide, information technology (IT) 
is seen by many as a potential solution to the communication problems in the 
construction industry. 
 
The Online Remote Construction Management (ORCM) project is a collaborative 
research project funded and supported by a number of industry, government 
and research-based project partners. In general, the ORCM project aims to 
develop, trial and/or evaluate communications systems, which will allow 
collaborative design and construction to be undertaken between members of a 
geographically dispersed construction project consortium. Utilising sophisticated 
computing functionality together with advanced communications technology, 
such systems should substantially enhance the capacity of design and 
construction professional and trades personnel to improve the two-way flow of 
accurate, appropriate and timely information within and between central offices 
and project sites; to improve industry efficiency and competitiveness; to lower the 
effective cost of design and construction; and to improve the communication 
and working relationships of all parties. 
 
This report presents a complete case study analysis of the Mt Isa Irish Cub 
Refurbishment Project - located in Mt Isa, Queensland, Australia - supporting the 
aims and objectives of the various ORCM Queensland University of Technology 
(QUT)/Industry Partner agreements. This report provides final results, outcomes and 
recommendations obtained from two years of research on the ORCM project, 
including: communication flows; information technology analysis; project data 
analysis; cost benefit analysis; best practice and critical success factors. 
 
Additionally, under the various ORCM Partner Agreements, the ORCM Research 
Team is required to provide a consolidated project report on all five of the 
individual case study projects/reports at the conclusion of the ORCM project. 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part B: Case Study Report: Mt Isa Irish Club 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 2 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part B: Case Study Report: Mt Isa Irish Club 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 3 
 
2. Mt Isa Case Study Project 
 
Research activities, promoting an in-depth investigation into the Mt Isa Irish Club 
Refurbishment Project, concentrated on collecting and classifying various 
communication data originating from, or directed to and/or through Project 
Leaders Australia, and Hutchinson Builders, including various project consultants, 
subcontractors and suppliers.  
 
The Mt Isa Irish Club is a private industry refurbishment/building project. At the 
commencement of the ORCM project (July 1999), the design for the Mt Isa 
project had already been completed and construction had commenced. At the 
time at which the ORCM project had advanced to a suitable stage for data 
collection and the establishment of an ORCM system, the contractor (Hutchinson 
Builders) had already commenced on site. Further complicating the start of this 
research project on the Mt Isa project was the contractually complex nature of 
the project and the ‘fast-track style of redesign after contractor establishment. As 
such, it was decided that the project would be unsuitable for the establishment of 
a full electronic communication and administration system. The Mt Isa project is 
therefore a ‘stand alone’ case study project, used to provide benchmark data, 
which will be used in evaluating the effectiveness of traditional/conventional 
communication facilities (including email) on future construction projects. 
 
2.1. Project Description 
 
Table 2-1 provides a general description of the Mt Isa Irish Club case study project 
statistics: 
 
Table 2-1: Mt Isa Irish Club Project Statistics 
 
Statistics ORCM Case Study Project 
Client : Mt Isa Irish Association 
Value at completion : $ 8.0 million 
Project description : Extensions and refurbishment 
  to the existing Mt Isa Irish Club 
Delivery system : Negotiated 
Contract time : 48 weeks 
Completion date  : September 2000 
Primary Consultant : Project Leaders Australia 
Secondary Consultants : Various 
Information Technology : Traditional/conventional communication methods 
 (including email) 
 
2.1.1. Project Organisation Structure 
 
Figure 2-1 provides an outline of the Mt Isa Irish Club case study project's 
organisational and contract reporting structures. 
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Figure 2-1: Mt Isa –Contractual and Information Flow Diagram 
 
2.2. Data Collection Activities 
2.2.1. Site Visits 
 
Regular visits to collect Mt Isa project data were undertaken at times agreed to 
be suitable by project site staff, thereby ensuring the minimum inconvenience to 
project personnel. ORCM researchers collected data from Hutchinson Builders’ 
site office located on the Mt Isa Irish Club premises by firstly, undertaking weekly 
visits (for initial orientation) and then regular monthly visits, which lasted between 
three to five days at a time. Similarly, visits to the Brisbane offices of Project 
Leaders Australia (Architects and Project Manager's) were also undertaken. 
During these visits, informal and formal interviews as well as general conversations 
were undertaken with consultants, site staff and other project members, which 
were then documented. Mt Isa project data was collected regularly from the 
date construction commenced in July 1999, until its completion in September 
2000.  
 
2.2.2. Collection of Data 
 
As the amount of Mt Isa project data to be collected was likely to be substantial, 
it was collected in a systematic manner thereby ensuring no data was 
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overlooked. Typically, contract documentation such as tendering information was 
excluded, as the ORCM Research Team believe that the contractual process of 
the project could not be influenced.  
 
Even though the Mt Isa project commenced prior to the ORCM Research Team’s 
involvement, data for the entire project was still collected. This required 
researchers to go through the project files to obtain the necessary information on 
previously issued documentation. The bulk of the Mt Isa data was obtained from 
the Hutchinson Builders site office in Mt Isa and Project Leaders Australia office in 
Brisbane. Analysis of project data was done in accordance with the ORCM Data 
Collection Methodology Report (Kajewski, et. al. 1999).  
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3. Information Technology Utilised 
 
Project Leaders Australia and Hutchinson Builders made use of a combination of 
traditional and multimedia technologies (including email) for much of the day-to-
day project related correspondence. The Hutchinson Builders site office in Mt Isa 
made use of a desktop computer for creating and storing most of their 
administrative work using standard packages such as Word and Excel (Microsoft 
Office). A laptop computer and modem was used to send and receive 
electronic communications (email) between themselves, the client and all other 
consultants. Plot files (drawing files sent as an email attachment) were sent 
electronically from the consultants to Hutchinson Builders. A plotter, maintained 
on site was used to print out paper copies (A3 to A1 in size) from the electronic 
files, for distribution to their sub-contractors. Hutchinson Builders also received 
hard-copy paper plans from various consultants and sub-contractors, as they did 
not have on-site access to email.  
 
The majority of electronic communication between project participants was 
done using the site office fax machine, ‘walkie-talkies’ and mobile phones, 
though the implementation of electronic communication (email) was deemed 
‘relatively successful’ by Hutchinson Builder site staff. A digital camera had been 
successfully used on site to take photographs of various technical issues that 
needed resolving by consultants. These photographs were sent as e-mail 
attachments. No video or audio technologies such as desktop (or eyeball) 
cameras were used on this project. 
 
3.1. Online Remote Construction Management (ORCM) Technology Review 
 
To establish the current state of the use of communications and information 
technologies (IT) in the organisations involved on the Mt Isa Irish Club project, a 
series of interviews were undertaken by Dr John Crawford (Principal Experimental 
Scientist - CSIRO) in May 2000. Project participants from Hutchinson Builders and 
Project Leaders Australia were asked to respond to various IT issues (below) and to 
make comment on their view of the company’s approach relating to the use and 
influence of advanced communication tools/systems and/or IT in the industry (in 
general) and how it relates to the Mt Isa project.  
 
• Existing Systems in Use 
• General description 
• Communications 
• Computers 
• Project Management functions 
• Databases 
• Computer-Aided Design (CAD) 
• Internet and Web 
• Archiving and file back-up 
• Field hardware 
 
• Potential of Existing system 
• Unutilised capabilities 
• Future developments being put in place in existing systems. 
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Responses, results and recommendations to IT issues in relation to all 5 ORCM case 
study and project partner organisations placed under investigation by Dr John 
Crawford and ORCM Researchers, were presented in "Technology Review for 
Online Remote Construction Management (ORCM) Project" (Crawford, et. al. 
2000).  
 
3.1.1. Results and Recommendations 
 
Reproduced below is an extract of the results and recommendations 
documented by Crawford, et. al (2000): 
 
Project Leaders have the desire and the commitment to move forward and 
upward on the scale of IT sophistication in building and construction by 
implementing some initial steps, but currently are at the early phases. Similarly at 
the early stages, Hutchinson Builders are also committed to the ideals of the 
ORCM project but see the very practical issues as extremely important and 
required to be addressed before more fully moving their substantial business 
interests to a broader electronic- or IT-focussed setting. 
 
The introduction of simple handheld technology for on-site data collection 
purposes; the use of Webcam or remote camera technologies on construction 
sites, as well as further development of a project management Web site are 
deemed highly prospective areas where Hutchinson Builders could benefit. 
Project Leaders may also benefit from the use of Webcam or remote camera 
technologies on construction sites, as well as from further implementation of a 
project management Web site, and perhaps less from the introduction of on-site 
handheld or automated data collection technologies. 
 
In terms of the classification of project management systems, these two 
organisations are considered in the early “document management” stage with 
certainly the potential and desire to move to the “workflow management” stage, 
but not ready yet to move “all the way” to an electronic transaction-based 
approach. 
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4. Information Technology (IT) Analysis Framework 
4.1. Background 
 
Construction is a fragmented industry, with numerous design firms, contractors, 
subcontractors, and suppliers involved in almost any project. Computers can 
provide unifying modelling, management and communications systems to bring 
the unique talents of these parties together in a more productive and integrated 
manner. Leading consulting and construction firms are increasingly recognising 
computers as a strategic technology, and it is very probable that these firms will 
be the ones who will ensure the industries success in the next century (Paulson, 
B.C., JR, 1995). 
 
The construction industry is making insufficient use of transferring project data and 
information electronically. McCaffer et. al. (1991) comment that data exchange 
between project participants is still largely undertaken on paper. Further, the 
construction industry has been identified as not having a coherent and 
integrated computer system that encompasses the whole of the construction 
process from design through construction to final account and facilities 
management, even though the existing technology can make this possible. 
 
A Business Technology Survey (Australian Bureau of Statistics, 1997-98) measured 
business use of information technology and telecommunications (IT&T) including 
the Internet. The results were based on a sample of 6,800 Australian businesses. 
The results of the survey are reproduced in Table 4-1, where access to the 
Internet, for example, was highest in mining (47%); property and business services 
(46%); and communication services (45%). In contrast, industries such as 
accommodation, cafes and restaurants (16%); retail trade (17%); construction 
(20%); and transport and storage (20%) were among those with the lowest 
proportion of Internet access. From the same survey, almost two-thirds of 
businesses report not having PC's, because the technology was 'not suited to the 
nature of the business' (Table 4-2 & Table 
 
 
 
 
 
 
 
 
 
 4-3). One-third of businesses reported cost was a barrier to adopting PC's. 60% of 
businesses with PC's had no Internet access because it was 'not suited to the 
nature of the business', and two-thirds cited cost as a barrier to acquiring Internet 
access. 
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Tucker et. al. (2000) reports that there have been few comprehensive 
benchmarking studies of IT use in the construction industry and indicate that of 
those studies, most tend to be severely limited in scope and application. 
 
Of the available benchmarking methodologies, perhaps the most commonly 
adopted framework for the examination of IT usage is the “Strategic IT Health 
Check” as developed by Construct IT Centre of Excellence (1997) in the United 
Kingdom. Despite its relatively wide adoption, the Strategic IT Health Check is also 
limited in its scope. Amongst other shortcomings, it is structured to evaluate the 
organisation and not the use if IT on a project. Tucker et. al. (2000) conclude that 
a new information technology analysis framework is required to allow effective 
comparisons within and between projects and summarise their study into existing 
IT benchmarking methodologies and frameworks as follows: 
• The Construct IT Health Check is the only existing analysis framework that has 
been used in a number of countries.  
• Almost all analysis of the use of IT in construction has been focused at the 
organisational level and the capabilities of applying IT. 
• The limitations of existing analysis frameworks are many and include: 
o The analyses are snapshots in time only. 
o There is minimal detail, with most focussing on a broad level of analysis 
(overview). 
o Benchmarking is minimal. 
o Benchmarking which has been done is only at a strategic level. 
o Very limited analysis has been attempted at the project level. 
o Information is almost all from interviews (subjective). 
o Poor reproducibility has limited comparisons of time (performance) and 
country. 
 
Table 4-1: Business Use of PC's and the Internet 
Industry PC's LAN/ 
WAN 
Internet 
Access 
Email  
Access 
Web 
Browser  
Access 
Web Site/ 
Home 
Page 
No. 
of  
Bus. 
 % % % % % % ,000 
Mining 78 38 46 45 43 19 2 
Manufacturing  69 21 31 29 25 8 48 
Construction 54 7 17 16 15 4 78 
Wholesale Trade 74 30 38 38 35 10 43 
Retail Trade 54 17 17 17 14 2 110 
Accommodation & 
Restaurants 45 8 14 12 13 5 31 
Transport & Storage 54 15 20 19 15 5 31 
Communication Services 73 17 45 45 38 13 3 
Finance & Insurance's 74 27 39 37 34 12 18 
Property & Business 
Services 78 30 44 43 39 8 142 
Health & Community 
Services 69 20 33 32 30 5 49 
Cultural & Recreational 
Services 64 18 33 33 30 13 15 
Personal & Other Services 42 12 20 20 18 9 33 
Total/Average 64 20 31 30 27 9 603 
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Table 4-2: Benefits of Business Use of the Internet 
Industry Reduced 
Business 
Cost 
Broader 
Client 
Exposure 
Better 
Access to 
Information 
Business 
Across 
Time 
Zones 
Improving 
Customer 
Satisfaction 
No. 
Of 
Bus. 
 % % % % % ,000 
Mining 31 27 92 43 12 1 
Manufacturing  22 30 71 27 21 15 
Construction 15 17 84 17 8 14 
Wholesale Trade 35 33 88 43 21 17 
Retail Trade 23 14 84 15 16 19 
Accommodation 
& Restaurants 12 41 78 15 24 4 
Transport & 
Storage 46 42 88 45 23 6 
Communication 
Services 40 41 83 9 23 1 
Finance & 
Insurance's 14 40 92 53 23 7 
Property & 
Business Services 33 29 90 36 34 63 
Health & 
Community 
Services 
22 15 88 16 13 16 
Cultural & 
Recreational 
Services 
21 35 84 31 14 5 
Personal & Other 
Services 24 22 87 18 16 7 
Total/Average 27 27 86 30 23 174 
 
Table 
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 4-3: Barriers of Business Use of the Internet 
Industry Not Suited 
to Nature 
of Business 
Cost Lack of 
Skill or 
Training 
Other Businesses 
with PC's but 
No Internet 
Access  
Businesses 
with PC's but 
No Internet 
Access  
 % % % % % of All 
Businesses 
With PC's 
,000 
Mining 58 26 20 25 41 1 
Manufacturing  66 21 17 25 56 19 
Construction 63 25 22 20 68 29 
Wholesale Trade 59 26 26 30 48 15 
Retail Trade 74 37 28 19 69 41 
Accommodation 
& Restaurants 60 34 28 27 68 9 
Transport & 
Storage 49 36 31 21 63 10 
Communication 
Services 51 0 0 0 38 1 
Finance & 
Insurance's 62 17 28 25 48 6 
Property & Business 
Services 48 27 19 34 44 48 
Health & 
Community 
Services 
56 36 26 32 52 18 
Cultural & 
Recreational 
Services 
54 42 13 34 49 5 
Personal & Other 
Services 72 34 33 9 51 7 
Total/Average 60 30 24 26 55 209 
 
 
4.2. Information Technology Analysis Framework for the Acton Peninsula 
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The Acton Peninsula Development Project located in Canberra, comprises of the 
National Museum and the Australian Institute of Aboriginal and Torres Strait 
Islander Studies, and is the first major building development in Australia awarded 
on the basis of a joint alliance contract, including the building and services 
contractor. 
 
As a part of a major research project surrounding the Acton Peninsula 
Development, researchers have developed a framework for reporting on lessons 
learned about the application of IT in construction during the design, construction 
and project management. The main focus of this framework is the use of IT in the 
design, construction and project management functions, as well as a review of 
the development of IT in the construction industry. 
 
The “Information Technology Analysis Framework for Acton Peninsula Project” 
(Tucker et al, 2000) specifically examined IT implementation from seven 
perspectives: 
 
• Information technology; 
• User utility; 
• Project organisation; 
• Project management functions; 
• Benefits; 
• Value-adding; and 
• Competitive positioning. 
 
4.3. ORCM Application of the Information Technology Analysis Framework for 
the Acton Peninsula 
 
As a part of the ORCM project, research is required into the benefits of IT 
implementation into the construction industry. To ensure the original Information 
Technology Analysis Survey could be administered without delay on the various 
ORCM case study projects, it was proposed that the Information Technology 
Analysis Framework for Acton Peninsular Project (Tucker, 2000) be utilised in the 
evaluation of IT implementation, as well as the benefits, advantages and barriers 
to that implementation. 
 
4.4. ORCM Aim for the Information Technology Analysis Survey 
 
The aim of the ORCM Information Technology Analysis Survey is to report on 
lessons learned regarding the application of IT during the design, construction 
and project management phases of a project, that is, to examine the project 
and organisational level of IT implementation and application, as well as 
potential benefits, advantages and/or barriers the project and/or organisation 
experienced by that implementation.  
 
 
4.5. ORCM Implementation of the Information Technology Analysis Survey 
 
The following Mt Isa project participants and/or users of the various IT tools 
(laptop, on-site printer, etc) and communication systems (including email) on the 
project completed the ORCM Information Technology Analysis Survey: 
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• Senior Contract Administrator 
• Junior Contract Administrator  
• Company Directors 
• Senior Architects 
• Junior Architects 
• Project Manager 
• Site Foreman  
• Site Manager  
 
4.6. ORCM Information Technology Analysis Survey - Section Breakdown 
4.6.1. Section 1 – General Information 
 
In the first section of the ORCM Information Technology Analysis Survey, ORCM 
Researchers asked Mt Isa project participants and/or users of the various IT tools 
and communication systems on the project to provide a general background to 
their role in the project as well as provide a record of past and/or existing levels of 
IT ‘exposure’ and/or experience on projects. 
 
4.6.2. Section 2 – Seven IT implementation Perspectives 
 
To determine the project and organisational level of IT implementation and 
application, as well as potential benefits, advantages and/or barriers the project 
and/or organisation experienced by that implementation during the design, 
construction and project management phases of the project, the ORCM 
Information Technology Analysis Survey specifically examined IT implementation 
from 7 different but inter-connected perspectives (Figure 4-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-1: Seven IT Implementation Perspectives (Tucker, 2000)  
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Key to Figure 4-1: 
 
1. Information Technology Perspective:   
This perspective is the centre of the framework. It focuses on the IT tools used 
and addresses their technical aspects. 
2. User Utility Perspective:   
This perspective is concerned with user satisfaction and perceived value of IT 
use. User satisfaction is expected to play an important role in the overall 
evaluation of the IT tool. From the user’s perspective, the value of the tool is 
based largely on the extent to which it helps the user do the job more 
efficiently and effectively. This perspective covers usage-related issues of 
interest to users who interact with the IT tools.  
3. Project Organisation Perspective:   
This perspective deals with the role IT plays in facilitating the integration of 
project participants. 
4. Project Management Functions Perspective:   
This perspective examines the impact of IT on project management functional 
goals, mainly in the areas of information needs, quality and timeliness within 
the context of design, construction and project management functions. The 
measurement and evaluation of project management functions should yield 
useful data about the impact IT has on the productivity and efficiency of 
these functions. 
5. Benefits Perspective:   
This perspective investigates the link between IT implementation and any 
project-related short-term benefits. The perspective includes both tangible 
and intangible benefits. Tangible benefits such as time and cost savings are 
expected due to the reduction of paper-based workload, faster response 
times and less rework. Intangible benefits may include process flexibility in 
generating, handling and manipulating data, ease of workload, and ability to 
detect errors or inconsistencies.  
6. Value-adding Perspective:   
Capturing the relationship between IT implementation and the overall project 
delivery process and is a much broader concept than that of the benefits 
perspective. It examines the perceived value-added aspect of the process in 
terms of generating business value to the client (delivering a project through a 
more robust delivery process) as well as to all project stakeholders (cultural 
change and extended partnerships).  
7. Strategic Positioning Perspective:   
In addition to evaluating IT use in a particular project, there is also a need to 
measure and evaluate IT contribution to the strategic capability of the 
organisation. This perspective assesses the impact IT has on the organisation 
at the strategic level. It is concerned with how lessons learned in this project 
are disseminated and hence contributed to the strategic positioning of the 
organisation. For example, how benefits achieved are being translated into 
an increased organisational capability and the ability to view IT as an integral 
part of future business and project activities. 
 
4.7. Results from the ORCM Information Technology Analysis Survey 
 
Responses, ratings, comments and/or suggestions made by the Mt Isa project 
participants (Section 4.5) were analysed and assessed in accordance with the 
framework proposed in the (Kajewski, et. al. 2000).  
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4.7.1. Results - Section 1 (General Information) 
 
Results obtained from the Mt Isa project participants and/or users of various IT 
tools (e.g.: laptop, onsite printer, etc) and communication systems (including 
Internet and email) implemented on the project are shown in Figure 4-2:  
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Figure 4-2: Mt Isa Project Results - General Information  
 
With reference to Figure 4-2, Mt Isa project participants and/or users of IT tools 
and electronic communication systems implemented on the project, provided 
the following 'general' information, enabling ORCM Researchers to determine a 
record and rating/percentage (%) for each criteria, including:  
 
Q1. Prior to this project, have they used computers in their work before?  
 
75% of the Mt Isa project participants who took part in the survey, said yes to 
having used computers in their work (prior to this project). 
 
Q2. If yes in what capacity - i.e.: pricing/costing; Word-processing; programming; 
cost control; drawing/design; email; Web-based applications; e-Commerce; 
e-Procurement; and/or other? 
 
• The majority (88%) have or are using Microsoft Office software (Word and 
Excel) for most of their documentation activities on projects.  
• Only half (50%) of the Mt Isa project participants who took part in the 
survey, used or found the need to access email or the World Wide Web 
(www) for communication purposes on projects. The other 50% stated 
they simply delegate the generating, accessing and/or receiving of these 
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electronic forms of communication - therefore not having to do it 
themselves. 
• 63% used Project Management software: Microsoft Project, Primavera, 
Suretrak or Pro-shop. 
• Only 38% used cost estimating software including: Buildsoft, Databuild, 
Lotus Notes, MYOB, Costcom, Cheops and Excel. 
• None (0%) who took part in the survey used or found the need to use 
eCommerce or eProcurement facilities on projects. 
• 50% used Computer Aided Drawing (CAD) software: AutoCAD or 
AutoCAD-LT throughout the various phases of the project. 
• All of the Mt Isa project participants, who took part in the survey, use 
'conventional' or 'traditional' forms of communication (facsimile, 
telephone, radio, etc) on past and current projects. 
 
Q3. Have they used computers at home, office and/or Internet-café etc.?  
 
100% have, or are using computers at home with 88% finding the need to use 
a computer at work. 
 
Q4. Approximately how much of their work on this project requires a computer? 
 
50% of the Mt Isa project participants who took part in the survey stated their 
work or role on this project required between 1% and 40% use of a computer. 
Only 13% required between 41% and 60% use of a computer and the 
remaining 37% requiring between 81% and 100% use and/or access to a 
computer for generating, accessing and/or receiving project related 
information. 
 
Q5. Do they believe computers have improved their work capabilities?  
 
75% of the Mt Isa project participants who took part in the survey agreed that 
through the use of the various IT tools and communication systems on the Mt 
Isa project, improved their working capabilities throughout the various phases 
of the project. 
 
Q6. For any project information that they receive electronically, do they use 
and/or respond the information electronically?  
 
75% of the Mt Isa project participants who took part in the survey said they 
used the electronic format of the project related information they received 
electronically from other project participants - electronically (using a 
computer) saving, altering, reformatting, etc. the original piece of 
correspondence/information. 
 
Yet, only 50% of the Mt Isa project participants who took part in the survey 
actually responded electronically to the original project related information 
they received electronically from other project participants. Therefore the 
other 50% still print out hard copies (paper copy) of the original electronic 
correspondence/information, manually altering, attaching (staple), 
photocopying, filing (archive folders), etc. the paper version, then use 
'traditional' forms of communication (e.g.: facsimile, post, courier, etc) for 
further dissemination. 
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For comparison purposes only, Figure 4-3 shows the combined/average result (%) 
determined by the responses provided by project participants and/or users of the 
various IT tools and/or Web-based communication systems implemented on the 
other 4 ORCM case study (excluding the Mt Isa project), for the same 6 ‘General 
Information’ criteria (above).  
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Figure 4-3: Combined Results of 4 ORCM Case Study Projects - General 
Information  
 
Results show that the Mt Isa Case Study Project scores (%) in Figure 4-2 are 
generally less than the combined/average scores (%) obtained from the other 4 
ORCM case study project participant responses (Figure 4-3). This comparison 
illustrates that Mt Isa Case Study project participants were not as ‘experienced’ or 
IT literate/comfortable pertaining to past and/or existing levels of IT ‘exposure’ on 
projects.  
 
Responses, ratings, comments and/or suggestions provided by ORCM Case Study 
project participants were analysed and assessed in accordance with the 
framework proposed in Kajewski, et. al. (2000).  
 
4.7.2. Results - Section 2 (Seven IT Implementation Perspectives) 
 
Mt Isa Project participants were asked to score each of the 7 perspectives, by 
choosing a number between 1 and 5 for each of the weighted criteria’s (section 
4.6.2). A score of 1 is described as being the lowest and 5 the highest score 
obtainable for any criteria within each perspective.  
 
ORCM Researchers then combined all the scores provided by project 
participants for each ORCM Case Study Project and manipulated the responses 
to get an overall percentage (%) or rating for each perspective. Again a 
minimum rating of 0% and a maximum rating of 100% can be obtained - the 
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higher or lower the rating the higher or lower the various project participants 
and/or users of the IT tools and communication systems implemented on the 
ORCM case study projects, determined his or her overall level of satisfaction for 
that perspective. Figure 4-4 shows percentage ratings for each of the 7 
perspectives calculated from responses provided by Mt Isa project participants 
and/or users. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-4: Mt Isa Project Results - 7 Perspectives Compared 
 
Results (%) for each of the 7 perspectives obtained from the Mt Isa project 
participants (Figure 4-4) were determined as follows:  
 
1. Information Technology - 75%:   
 
Results indicate that the Mt Isa project participants rated the Information 
Technology perspectives reasonably high at 75% (equal to the ‘Project 
Management’ perspective). The assessment criteria pertaining to this perspective 
include the following criteria: 
• Reliability 
• Secureness against unauthorised use 
• User-friendliness 
• Appropriateness for the application/function 
• Suitability for site conditions (if applicable) 
 
2. User Utility - 68%:   
 
Mt Isa project participants rated the User Utility perspective of the various IT tools 
and communication systems (including email) above average (68%). User Utility 
issues include:  
• Level and frequency of IT tool use (d) most  
• Level and frequency of training provided 
• Level and frequency of technical support provided 
• Accuracy and quality of the tool/system output 
 
3. Project Organisation - 79%:   
 
Mt Isa project participants rated the role IT plays in facilitating the ‘integration of 
project participants’ the highest (79%) - indicating project participants believed 
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the use and implementation of the various IT tools and communication systems 
(including email) on the project: 
• Enhanced coordination between project participants 
• Reduced response time to answer queries 
• Established and support the project team 
• Empowered participants to make decisions 
 
4. Project Management Functions - 75%:   
 
The impact of the various IT tools and communication systems had on the 
productivity and efficiency of project management functional goals (information 
needs, quality and timeliness within the context of design, construction and 
project management functions) were rated reasonably high (75%) - equal to the 
‘Information Technology’ perspective – i.e.: satisfied with the IT tools and 
communication systems ability to fulfil project management functional goals:  
• Facilitation of document transfer and handling 
• Keeping of and ability to update records 
• Immediate reporting and receiving feedback capabilities 
• Ability to identify errors and/or inconsistencies 
 
5. Benefits - 72%:   
 
The link between IT implementation and any project-related short-term benefits 
(both tangible and intangible) were given a high 72% rating, indicating project 
participants were highly pleased with the IT tool’s and communication systems 
ability to: 
• Save time (e.g. processing, responding, etc) 
• Save cost (e.g., rework, travelling, overheads) 
• Improve document quality 
• Decrease number of design errors 
• Decrease number of RFI's 
 
6. Value-adding - 72%:   
 
Project participants provided a rating of 72% for the perceived value-adding 
aspect of implementing an overall project delivery process on the Mt Isa project – 
i.e.: in relation to the IT tools and communication systems ability to: 
• Lead to a more satisfied customer 
• Lead to more streamlined processes 
• Enable a cultural change among project members 
• Improve computer/IT literacy 
• Improve project communications 
 
7. Strategic Positioning - 63%:   
 
Project participants rated the use and implementation of the various IT tools and 
communication systems on the project the lowest (63%) in terms of its ability to: 
• Enhance the organisation's image in the Industry 
• Attract more sophisticated clients 
• Increase the capability for global co-operation 
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Table 4-4 indicates project participant’s overall level of satisfaction in using the 
various IT tools (laptop, onsite printer, etc) and communication systems (including 
email) implementation on the project: 
 
 
 
 
 
Table 4-4: Mt Isa Project – Ranking of 7 Perspectives 
 
Ranking Perspective Rating (%) 
Level Of User Satisfaction And/Or 
Influence On The Project 
1st Project Organisation 79% Highest 
2nd 
Information 
Technology & 
Project 
Management 
75% High 
3rd Benefits & Value Adding 72% High 
4th User Utility 68% Above Average 
5th Strategic Positioning 63% Lowest 
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5. Mt Isa Case Study Data Analysis  
 
The analysis was conducted in accordance with the “Online Remote 
Construction Management: Communication and Information Flow in Construction 
– IT Benchmark Methodology” as delivered to the ORCM Steering Committee on 
2 November 2000. 
The collection of the information has already been described above.  
 
Table 5-1: List of Incoming and Outgoing Correspondence Assessed 
 
Incoming Correspondence Outgoing Correspondence 
General correspondence General correspondence 
Site instructions (SI) - from Architect Requests for information (RFI) 
Requests for information (RFI) - from 
subcontractors 
Document transmittals 
Document transmittals Facsimile transmissions 
Facsimile transmissions Extension of time claims 
(EOT) 
 Variation claims (V) 
 
In analysing the information and communication flow, a number of issues were 
investigated, including but not limited to the following: 
• Total volume of correspondence issued on the project; 
• Volume of correspondence issued at different times throughout the life the 
project; 
• Breakdown of correspondence by correspondence type and sub-category; 
• Breakdown of correspondence by organisations or discipline/trade; 
• Total time involved in the transfer of information; and 
• Overall and average response times for information requests. 
 
In analysing the information and communication flow data, a number of Key 
Performance Indicators were identified. It was suggested that an analysis of both 
the drawing registers, and the RFI process can provided indicators of design and 
documentation quality overall (Tilley, et al 1997).  
 
Although all formal information and communication flows are recorded, it is 
considered necessary to concentrate the research on those factors that are 
generated from a poor information flow process.  It is suggested that these factors 
inevitably affect a project’s operational and decision making processes and 
eventuate as rework, RFI’s, SI’s and variations.  The cause, influence and effect 
that these factors have on a project can then be categorised into a variety of 
indicators and classification systems. 
 
Figure 5-1 indicates the volume of correspondence sent and received. 
Hutchinson received over 3,800 pieces of correspondence, while sending over 
3,000. Project Leaders received almost 2,000 pieces of correspondence, while 
sending over 1,900. 
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Figure 5-1: Number of Firms Corresponding with Hutchinson and Project Leaders 
 
5.1. Communication Flows 
 
Whilst this was not a particularly large project, because of the need to keep the 
existing building functional, it was fairly complicated and tended to generate a 
significant amount of formal communication throughout the life of the project.  A 
graphical representation of the extent of correspondence carried out on the 
project is shown in 
Figure 5-2. This map does not represent all the communication carried out on the 
project, but highlights only those organisations where 10 or more items of 
communication have either been sent to or received from, in relation to the 
project. 
 
While the organisations identified on this map represent only 20% to 26% of the 
organisations involved in communications with either Hutchinson Builders or 
Project Leaders respectively during the project, they were responsible for 
between 88% and 90% of all communication carried out (see Figure 5-3 and 
Figure 5-4). 
 
As set out in the “Communication and Information Flow in Construction: 
Methodology” document (Tilley, 2000), the information mapped consisted of 
general correspondence, Site Instructions (SI), Request For Information (RFI), 
Transmittals, and Extension Of Time (EOT).  
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Figure 5-2: Information and Communication Flow Map – Mt. Isa Irish Club 
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Figure 5-3: Number of Firms Contacting Hutchinson and Project Leaders 
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Figure 5-4: Number of Firms Corresponding With Hutchinson and Project Leaders 
5.2. Breakdown of Correspondence 
5.2.1. RFI Process 
 
An analysis of the RFI process appears to provide a better indicator of the overall 
quality of the design and documentation process, by enabling the quantification 
of both the extent of the deficiencies within the documents and their relative 
severity.  By analysing the volume of specific RFI’s in relation to project size and 
complexity, an indication of the extent of design and documentation deficiency 
can be provided.  However, an assessment of the actual response times to these 
RFI’s in relation to the times requested, is also thought to provide an indication of 
the level of severity of the problem.  Although the RFI process (Figure 5-5) is used 
by contractors and sub-contractors for a variety of purposes (Table 5-2) its primary 
function is to formally request additional information, or clarifications to existing 
information, in relation to how the project is to be constructed to meet the 
project requirements.  (Mohamed, et al, 1997, Tilley, et al, 1997) 
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Figure 5-5: The RFI Process as Adopted by Quality-Assured Organisations 
 
Table 5-2: Uses of RFI 
 
Types Of RFI’s 
Alternative Design 
Solutions 
: Alternative design solutions submitted to the design 
team/client for approval 
Submissions for 
Approval 
 
: Drawings, documents, material samples or technical 
information submitted to the design team/client for 
approval. 
Information 
Clarifications 
: Requests for additional information or clarifications to 
existing information, from the design team/client. 
Information 
Confirmations 
: Requests for confirmation of both verbal and written 
information provided in a manner that is not contractually 
binding on the contractor. 
Other : A request that does not conform to a type already 
mentioned 
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Due to the wide variety of tasks for which RFI’s are used, only the analysis of these 
primary RFI’s – classified as information clarifications – should be used to 
determine the indicators of the overall quality of the design and documentation 
process provided on each project.  As Information clarifications are considered to 
be the primary RFI’s, they are also expected to be the most numerous. 
 
5.2.2. Site Instruction Process 
 
The Site Instruction (SI) process is the primary method by which the client’s 
representative or architect provides formal instructions to the contractor.  An 
analysis of the SI process also provides an indicator of the overall quality of the 
design and documentation process, by quantifying the volume of independent 
and responsive changes to the project design or construction methodology.  A 
simple classification system for the breakdown of SI’s can be implemented as 
detailed below:  
 
Table 5-3: Classification System for SI’s 
 
Type Of SI’s 
Independent Instruction : Instruction initiated by client or design team 
Response : Reply to a document e.g. RFI, correspondence 
Confirmation : Verification of previously formal or verbal information 
Other : SI does not conform to a type already mentioned 
 
5.2.3. Contract Documents 
 
As the overall quality of the documentation issued throughout a project affects 
project efficiency, a simple analysis of the project drawing registers is likely to 
provide a good initial indication of areas of likely documentation deficiency.  An 
analysis that highlights both the changes in the number of individual contract 
drawings issued and the number of revisions made, allows comparisons between 
projects and the design disciplines involved.  The drawing register information that 
should be collected and cross-referenced includes: 
• Dates drawings were issued; 
• Which design discipline produced the drawings; 
• Drawing revision numbers; and  
• Who the drawings were distributed to. 
 
This information should be sufficient to allow a more detailed analysis of the 
drawing production and distribution, which can then be used to assess the 
efficiency of the design and documentation process.  As an example, an analysis 
could compare the number of tender drawings with: 
• The number of new drawings issued on a monthly basis, over the duration of 
the project; 
• The number of drawing revisions issued on a monthly basis over the duration 
of the project; and 
• The change in the total number of drawings and revisions issued. 
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As the type of project procurement system used on a project has a significant 
influence on the results likely to be achieved, caution needs to be taken into 
account when comparing this type of information with data collected on 
projects using other procurement systems. Like wise, variations, and EOT’s are 
influenced similarly. 
 
5.2.4. Variations 
 
Variations include: increases or decreases in or omissions from the works, 
execution of additional works, changes in rates, fees, and charges since the 
tender stage. Variations need to be collected, and include dates, reference 
numbers, description, magnitude, and if it resulted in an EOT.  
 
5.2.5. Extensions of Time 
 
The builder can give written notice to the Architect that in the builder’s opinion, 
the works are likely to be delayed, due to causes beyond the control of the 
builder. It is up to the superintendent to determine whether an EOT should be 
granted, and whether the time claimed is a reasonable extension of time for 
Practical Completion. Often EOT’s, like variations are a reflection of the quality of 
documentation, and thus are included as a potential key indicator.  
 
5.2.6. Breakdown of Correspondence - Organisation 
 
The flow chart in  
Figure 5-2 demonstrates the flow of information between the companies involved 
(where there were 10 items received and / or sent between participants). Figure 
5-6 shows the proportion of data transferred between the principal entities in the 
project. The main indicators mentioned above revolve around the data sent 
between the key entities (the head contractor, and the Project Manager) 
involved in the project. SI’s, RFI’s, Variations, and drawing (revisions) are the key 
correspondence measured in this case study.  
 
This project being a particularly non-IT project used traditional non-IT modes of 
communication such as meetings, phone, fax, courier / post delivery, and some 
e-mail. 
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Figure 5-6: Monthly Data Transferred Over the Course of the Project 
5.2.7. Timing of Correspondence  
 
The analysis indicates that the flow of correspondence seems typical of many 
projects where the project begins with a familiarisation process, as all parties work 
through the documents. RFI’s initially peaked in August, which may indicate this 
initial familiarisations stage.  
 
It is curious to note that RFI’s far out numbered SI’s on the project (Figure 5-7).  
Within the first few months the RFI’s reduce, only to increase as more complex 
stages of the project are reached, again possibly exposing the limitations of the 
construction documents (drawings, specifications, etc.).  Equally the other 
explanation for RFI’s may have arisen from the limits of the Construction 
manager’s resources, and their ability to find the information in amongst the 
construction documentation.  
 
It was observed that the Construction Manager had a site manager, site foreman, 
a senior and junior Contract Administrator, and an assistant to the CA staff.  Site-
based staff did not represent the client. Instead it appears the Project Manager 
(architect) was flown in from Brisbane to administer the contract.  The manpower 
on site by the Construction Manager does not suggests a lack of resources on 
site, yet the level of experience of those individuals may also have contributed to 
RFI’s.  On further investigation of the data, as demonstrated by Figure 5-8, the 
majority (+50%) of RFI’s resulted from insufficient information being found in the 
documents. 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part B: Case Study Report: Mt Isa Irish Club 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 31 
0
10
20
30
40
50
60
70
May-
99
Jun-
99
Jul-
99
Aug-
99
Sep-
99
Oct-
99
Nov-
99
Dec-
99
Jan-
00
Feb-
00
Mar-
00
Apr-
00
May-
00
Jun-
00
Jul-
00
Aug-
00
Sep-
00
Oct-
00
Month/Year
N
um
be
r 
Is
su
ed
 P
er
 M
on
th
0
50
100
150
200
250
300
350
400
450
500
To
ta
l N
um
be
r 
Is
su
ed
SI's/Mth RFI's/Mth Total SI's Total RFI's
 
Figure 5-7: Comparison of RFI’s, SI’s and Variations Received 
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Figure 5-8: Requests for Information (RFI) by Type 
 
5.3. Performance Measures 
5.3.1. Information Clarification Extent 
 
The analysis methodology (Tilley, 2000) provides a way to measure project design 
and documentation deficiency.  It is considered that the greater the volume of 
information clarifications relating to the design and documentation, the greater 
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the extent of design and documentation deficiency (Tilley et al, 1997).  However, 
when considering the extent of information clarifications, the size and complexity 
of a project are also likely to have a significant influence.  The greater the size 
and complexity of a project, the greater the number of information clarifications 
are likely to be expected. 
 
To allow comparisons between different sizes and types of projects, two (2) 
methods to assess information clarifications in relation to these two variables have 
been developed (Tilley, 1998).  By dividing the number of information clarifications 
by one of the factors considered to represent the size and complexity of a 
project, will allow this comparison and to provide a measure of the extent of 
design and documentation process deficiency. Based on the information 
available, the following Information Clarification Extent (ICE1) performance 
indicator, (Tilley, 1998), was selected.  
 
 
DCV
N
ICE c1 ×=      
Where: Nc = number of information clarification type RFI’s 
 CV = estimated final contract value ($100,000’s) 
 D = initial project duration (months) 
 
For this particular project the formula gave the following result:    
 
• ICE = 310 / 80 x 12 = 0.323 
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Figure 5-9: Information Clarification Extent (ICE) Evaluation Chart 
 
This project rated in the “very poor” portion of the index, relating to both the size 
and complexity of the project, and the number of information clarifications, 
suggesting that severe deficiencies in the design and documentation process 
existed.   
 
5.3.2. Information Clarification Severity (ICS) Formula  
 
Whilst the analysis methodology (Tilley, 2000) sets out a way to measure the extent 
of design and documentation deficiency, it also provides a method to determine 
the severity of that deficiency.  For the RFI process to operate effectively, it is 
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essential that the designers provide the revisions and clarifications requested, 
efficiently and without delay.  Although simple clarifications are likely to be 
provided quickly and easily, more complicated ones are likely to take longer, due 
to the extra work involved.  Whilst the need for information clarifications 
determines that deficiencies in the design and documentation process exist, the 
time taken to respond to these requests provides an indication of how severe the 
deficiencies are, especially where delays in responding to the requests may delay 
the project.  (Tilley et al, 1997).   
 
Integral with the issuance of information clarification type RFI’s is a determination 
by the contractor as to the time the information is required to ensure that the 
project is not delayed.  The ability of the design team to respond within these time 
frames ensures that the impact of deficient documentation is not aggravated.  
However where responses are provided late, the delays incurred in waiting for the 
required information ensure a reduction in the efficiency of the construction 
process.  
 
By dividing the sum of these delays by the number of information clarification 
type RFI’s the ORCM Researchers were able to obtain an indication of the overall 
severity of the design and documentation deficiencies on a project by using the 
following Information Clarification Severity (ICS) performance indicator (Tilley, 
1998) and allow comparisons with other projects.  
 
 
⎟⎟⎠
⎞⎜⎜⎝
⎛ −= ∑
=
cN
i ai
riai
c T
TT
N
ICS
1
1
 
 
Where: N = number of information clarification type RFI’s with a 
response time specified: 
 Tr = response time required (days) 
 Ta  = actual time of response (days) 
 
Condition: If Tr ≥ Ta then (Ta-Tr) = 0  
 
 
For this particular project the formula gave the following result:    
 
• ICS = 0.48  
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Figure 5-10: Information Clarification Severity (ICS) Evaluation Chart 
 
The result (ICS 4.8 – “very poor”) confirms the severity of the design & 
documentation deficiencies in the project are indeed significant, and indicate a 
similar degree of design and documentation deficiencies as that indicated in the 
ICE. 
 
5.3.3. Variations 
 
The number of variations increased dramatically (Figure 5-11) towards the end of 
the project. This would have coincided with many of the finishing trades 
completing interiors, joinery, specialist suppliers, etc. The data suggests that the 
major contributing factors to the number of variations would include: 
• Lack of detail in contract documents.  
• Changes in brief from the client/designers (changing, or adding to the scope 
of works) 
 
There is an obvious lag between the time of receiving variations, and the time 
they are approved.  Another observation is the discrepancy between the 
numbers of submitted variations compared to the n 
 
Whilst no indicators have yet been derived from/for variations, it is telling in that 
the numbers of variations submitted, compared to those approved are high, and 
as the project is subject to disputes regarding outstanding variations at the date 
of this report being issued, it might be assumed that projects yielding high ICE’s, 
and ICS’s might be more likely to suffer disputes than those with low indicators. 
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Figure 5-11: Comparing Timing and Number of Variations 
 
5.3.4. Extensions of Time 
 
Whilst EOT’s do not factor in key indicators for the purpose of quantitative analysis, 
they do indicate the measure of delays due to variations arising.  Up until 11/06/01 
there was a total of 14 notices for EOT’s submitted for a total of 133 days.  Of the 
days submitted, only 36 days were approved.  It should be noted that this project 
is currently addressing such discrepancies in the dispute resolution process. 
 
5.3.5. Site Instructions 
 
The pattern that emerged through the course of this project was not surprising, 
following a typical pattern where deficiencies in the documents require the 
architect to provide more information (drawings, details, specifications, etc.) to 
assist the construction manager in completing the project. 
 
The analysis yielded a total of 236 SI’s over the duration of the project.  Figure 5-12 
demonstrates how these were spread over the project.  The types of SI’s were 
recorded and correlated.  This data (Figure 5-13) suggested that that the majority 
of SI’s were not responses to the many RFI’s, but rather new information being 
passed on to the construction manager from the client/project manager.  This 
difference between Independent responses and responses corresponds to the 
discrepancies noted between RFI’s and SI’s (greater number of RFI’s to SI’s).  
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Figure 5-12: Number of Site Instructions by Month 
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Figure 5-13: Classification of Site Instructions by Type 
 
5.3.6. Response Times 
 
There were 351 RFI’s issued on this project, and they have been briefly discussed 
at the beginning of this section.  Overall and average response times for RFI’s are 
indicated in Figure 5-14.   
 
It is curious to note in each category, the percentage of on time responses 
increased directly as a result of increased time given to respond.  It indicates that 
the more time the construction manager gave for the recipient to respond the 
more likely it was that they would receive the response within the time they 
requested (Figure 5-15). 
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For example over 85 % of the RFI’s with a 5-day response request, were responded 
to on time, whilst only a quarter of the RFI’s were answered on time with respect 
to those having a “same day” response request. 
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Figure 5-14: Response Times for Requests for Information 
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Figure 5-15: Number of Requests for Information by Response Times 
 
Figure 5-15 demonstrates the degree of lateness of responses to RFI’s by 
recipients.  It demonstrates that of the responses to RFI’s that were late, many 
were considerably later than the requested response time.  Over 20% of the RFI’s 
were greater than 7 days later than the requested time for a response. 
 
In observing the actual RFI’s the question must be asked as to whether the 
response time requested was reasonable.  This would be dependent on: 
• The complexity of the request; 
• How many RFI’s were currently being processed; and  
• What manpower was set aside to respond to RFI’s? 
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5.3.7. Drawing Register 
 
The issue of drawings, as demonstrated in Figure 5-16 seems to support the 
conclusions reached earlier, regarding the extent of design and documentation 
deficiency.  
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Figure 5-16: Drawing Categories by Design Discipline 
 
Whilst very few new drawings were created, a great many drawing revisions were 
required.  The main revisions included; 126 architectural drawings, 57 structural 
drawings, with a total of 247 drawing revisions across all consultants.  Distributing 
these drawings was done through conventional means. Hard copy sent to the 
builder, with multiple copies arranged by the builder.  At the stage of writing this 
report, no transmittal document was available to CSIRO – DBCE, consequently 
reporting on delivery with respect to timing, problems, number of revisions / 
drawing.  
 
Looking at the parameters set out in the analysis methodology document (Tilley, 
2000), it was proposed to comment on the documentation deficiency, by 
considering: 
• The number of new drawings issued on a monthly basis, over the duration of 
the project; 
• The number of drawing revisions issued on a monthly basis over the duration 
of the project; and 
• The change in the total number of drawings and revisions issued. 
 
As the type of project procurement system used on a project has a significant 
influence on the results likely to be achieved, caution needs to be taken into 
account when comparing this type of information with data collected on 
projects using other procurement systems. 
  
It should be noted that the Mt Isa Irish Club was a traditional procurement system 
initially, with a “fast track” processes adopted for the changes required at the 
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time of going to contract.  The degree of amendment required (Figure 5-16) 
suggests that the documents were deficient, which is to be expected in the ‘Fast 
Track’ process.  However it should also be noted that considerable changes to 
the design brief significantly contributed to the number of amendments issued 
(240% changes to existing contract documents). 
 
5.4. Mt Isa Case Study Data Analysis Summary 
 
With no major IT system components (for example, a project portal - i.e.: a web 
based system - dedicated to project coordination/communication) involved in 
the coordination/ communication process beyond fax, phone, email 
(correspondence only), and with the “fast track” process used, the results 
demonstrated in analysis of the key indicators (Information Clarification Extent 
(ICE), and the Information Clarification Severity (ICS)) that this project would have 
benefited considerably from improved documentation (a factor for the 
client/project manager to consider at the initial stages of the project), improved 
lines of communication (web based project ‘portal’) to ensure a more effective 
flow of information be it, RFI’s, SI’s, Variations, EOT’s, and invoicing (e-business).  
Also stakeholders in the process can expect a more cost effective system, where 
drawings, documents can be transferred digitally, and printed out when required, 
without delays, such as waiting for RFI responses, and/ or issue by other 
consultants.  This is more equitable, as no single consultant carriers the burden of 
printing, and issuing drawings (cost/time). 
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6. Cost Benefit Analysis  
 
The “IT in Construction: Cost Benefit Analysis Methodology” report (Weippert, et. 
al, 2000) was prepared by ORCM Researchers for the purpose of detailing the 
methodology by which the cost benefit of IT introduced into the various ORCM 
case study projects were assessed. 
 
6.1. Introduction to Cost Benefit Analysis 
 
IT is a tool for changing or reorganising that usually requires a considerable cash 
investment. The adoption of a new technology brings a new level of risk to an 
organisation’s activity, whereby the cost involved in the implementation of 
new/alternate IT system is sometimes assumed to be absorbed into the ongoing 
expenses and benefits – that is, the assumption that the benefits justify the 
incurred costs, which is far from the truth.  
 
A high investment in IT consequently represents the highest ongoing capital 
expenditure in a company and senior management are, in many cases, 
unconvinced that their investment in IT has proven economically successful. 
Evaluation of the significant/potential 'claims' made on an IT resource is essential 
to help senior management prioritise various IT projects – that is, economical 
justification (cost benefit analysis) of an IT investment (Remenyi, et. al., 1998).  
 
6.2. Why a Cost Benefit Analysis? 
 
Interest in the evaluation of IT in construction companies has increased over 
recent years, resulting in various practitioners and/or managers within the 
construction industry asking the question: why evaluate IT? The evaluation of IT is 
usually a difficult and sometimes costly process, which has to be made clear to 
everyone within the organisation, as to why there is a need for this process to be 
undertaken and can be undertaken for something as simple as the need to justify 
the replacing of a faulty/damaged keyboard or mouse for a computer. (Cost 
Benefit Analysis Guide for NIH Projects, 1999, Remenyi, et. al., 1998) 
 
The CBA should match with the size, complexity and cost of the proposed project, 
that is, managers need to decide the level of analysis necessary to ensure 
resources are effectively allocated to support this task. Once this has been 
achieved, the CBA can provide the following benefits:  
• Provide a Business Case: 
Presenting an argument expressed in monetary value where the values are 
measured in savings, social benefits and reductions in future costs – that is, 
providing a basis for an informed decision to improve performance and 
comparison with other similarly assessed proposals. 
 
• Presents a Funding Plan: 
Due to most projects needing funding, CBA's identify the organisation’s 
benefits and provides a basis to distribute the projects costs equitably among 
the individual beneficiaries. 
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• Marketing an Idea: 
Many projects do not pass the funding stage because of insufficient objective 
cases put forward to senior management demonstrating investment returns. 
CBA's can help turn an idea into reality. 
 
• Evaluate Success: 
CBA's can be used to evaluate the true overall value of a project – that is 
actual costs and benefits after the event. (Fricker, 2000, Introduction to Cost 
Benefit Analysis for Program Managers, 1995) 
 
6.3. ORCM Cost Benefit Analysis Activities 
 
The Mt Isa Irish Club case Study Project did not include any IT investment beyond 
the normal telephone, fax and some e-mail. Thus there were no additional costs 
in managing the information flows (e.g. documents, etc.), than would be 
considered normal for a construction project. This project thus sets the standard 
for comparison, (where possible) with other ‘traditional’ projects. 
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7. Process Improvement  
7.1. ORCM Interview 
 
Whilst ORCM Researchers visited and collected project data from the offices of 
Hutchinson Builders in Mt Isa and Project Leaders Australia in Brisbane, regular 
face-to-face, ‘informal’ interviews and discussions were undertaken in an ‘open’ 
manner with various project participants (including site staff) to: 
• Stimulate conversation  
• ‘Break down’ any potential barriers that may have existed between ORCM 
Researchers and interviewees 
• Gain the confidence of those interviewed 
• Understand the step-by-step logic of a situation as it occurred 
• Understand the constructs the interviewees used as a basis for forming 
opinions and beliefs about a particular event.  
 
Those interviewed were found to be comfortable and confident in talking to 
ORCM Researchers about their past and present IT and communication system 
experiences on the Mt Isa project with the majority of responses and or 
suggestions being 'rich' in content and scope. 
 
7.2. Identified Gaps to Process  
 
Throughout these interviews, ORCM Researchers were able determine or identify 
certain perceptions, problems and/or gaps experienced during the 
implementation and use of the various IT tools and communication systems on the 
Mt Isa project, as well as establish any general and/or relevant 'IT in construction' 
issues: 
• Geographically dispersed (remote) project team members are 'hindered' by 
a 'perception gap' that exists between current levels of IT use and/or 
experience, and their overall understanding and 'trust' of implementing a 
newly proposed IT-based application that will potentially improve or assist in 
streamlining existing/traditional construction and communication activities; 
methods; processes; and efficiencies on remote project sites. 
• The quality and accuracy of any project related communication or 
information (electronic or paper-based) is directly dependant on the user of 
the IT tool and/or creator of a portion of information or correspondence. 
• The implementation of any new or unknown IT based communication 
system/process has the potential of allowing users to continue creating 
transmittal errors due to lack of training or understanding. A Mt Isa project 
participant quoted: "Taking only the type or potential advantages of a newly 
developed IT tool or Web-based communication system into consideration, is 
not enough when implementing it on a remote project site ".  
 
Therefore, documentation, communication and/or information quality is found to 
be directly dependent on the creator, sender and/or receiver of that document 
or information, no matter what IT tool or communication system/process is being 
used to create, transmit or receive it. This level of 'dependency' will continue to 
play a major role in evaluating the efficiency of any new or existing IT or 
communication process, tool or system. 
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7.3. Recommendations for Improvement  
 
Mt Isa project participants suggest and/or agree with members of the ORCM 
Research Team that the following issues need to be addressed to help ensure the 
successful implementation of new/alternate IT tools, Web-based communication 
systems (including email) and/or processes on remote construction projects: 
• All project participants and stakeholders need to be fully committed to using 
the new IT tool or communication system. 
• The Superintendent should be the 'driver' of IT uptake for the project, by 
'leading the way' on behalf of the other project participants and stakeholders. 
• Training and system support are a must. 
• Onsite demonstrations of the proposed IT tool or communication system if and 
when required. 
• Ensure 24-hour telephonic and/or online 'Help Desk' access. 
• IT tool or communication system/process developers need to provide free 
access to 'downloadable' and compatible 'readers' and/or 'plug-ins' to ensure 
all project participants can read the information or correspondence - sent or 
received. 
• Additionally, IT tool or communication system/process developers need to 
keep the following in mind when developing, testing and implementing new IT 
products, process' or communication tools or system for the construction 
industry and its stakeholders: 
o Provide a clear and upfront indication (with company senior 
management support and approval) of the new/proposed IT tool or 
communication systems capabilities and function on a project. 
o Test and trial the IT tool or communication system/process on a number of 
different projects prior to final (compulsory/committed) implementation 
on remote projects. 
o Whilst developing a new product, get the end users involved from the 
beginning – A Mt Isa project participant quoted: "Design for the 
construction industry - by the construction industry". 
o Its capabilities and/or functionality has to be compatible with most other IT 
products and/or systems used in the industry – potentially saving overall 
project time, cost, labour, errors, etc. 
• Additionally, the majority of Mt Isa project participants interviewed felt that 
the dissemination of construction industry related information and research 
findings, such as ORCM seminars, conferences, information sessions, etc., 
should to be more "product-based" – that is, what is it; what can it do to 
improve existing project information or communication processes; where can 
I get it and for how much? Not only "IT based", providing audiences with 
statistics; formulas; graphs, etc." 
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8. Conclusion 
8.1. Best Practice - Critical Success Factors  
 
In sections 7.1 and 7.3, Mt Isa project participants assisted members of the ORCM 
Research Team determine and/or identify certain problems, perceptions and/or 
gaps experienced during the implementation and use of the various IT tools and 
communication systems on the project. From these, members of the ORCM 
Research Team identified the following success factors that would be critical in 
ensuring the successful implementation of IT tools, email and/or Web-based 
communication systems and/or processes on remote projects: 
 
8.1.1. Industry Fragmentation and Location of Project 
 
The fragmented nature of the construction industry - its projects in relation to its 
participants (Section 4.1Error! Reference source not found.) - can be described as 
advantageous or disadvantageous with regard to its ability or willingness to 
improve on the efficiency of using various IT tools (including email) and/or Web-
based communication systems and/or processes implemented on remote 
projects.  
 
Companies who wish to undertake or get involved with remote construction 
and/or civil projects, will be 'forced' or 'encouraged' to adapt and successfully 
implement new forms of communication tools and systems to ensure they have 
and maintaining a competitive advantage over those who don't. Yet, by taking 
on these remote projects (and technologies) increases the need and risk of 
having to include, work and communicate with new project team members (e.g.: 
local consultants and subcontractors) who are in many cases not able or willing 
to acquire a similar level of IT adoption, thereby:  
• Preventing the continuity of successful project teams working efficiently 
together; 
• Limiting the ability of IT skilled construction companies/organisations achieving 
their required levels of IT and/or Web-based communication efficiencies on 
remote projects. 
 
8.1.2. Site Location v Technological Limitations 
 
The combination of ORCM case study project locations, the temporary nature, 
technological features and functions of site offices as well as the limited access to 
essential communication facilities in these remote locations (e.g.: telephone 
lines), makes the task of successfully implementing and/or testing various IT tools 
and communication systems and processes (including laptops, onsite printers, 
email, internet access, etc) on remote projects, much more challenging. 
 
8.1.3. The Need for Change  
 
It is perceived (by the project team members interviewed) that any changes to 
existing work or communication processes in a company or remote project are 
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disruptive to productivity, especially during the introduction phases and more so if 
the introduction is not known in advance. To improve industry efficiency and 
competitiveness on remote projects and to enhance the communication and 
working relationships of all parties involved, the need for change is inevitable. 
• Senior managers are, in some cases, reluctant (due to lack of system 
knowledge and understanding) to recognise the immediate gains that could 
be achieved from successful IT implementation and applications. 
• Traditionally, people, no matter how dedicated to a newly proposed 
information and/or communication tool/system/process, usually have a 
tendency towards doing things the way they are used to, or have grown 
accustom to, over the years (old habits). 
• Organisations are to encourage and motivate both senior and junior 
personnel to increase their individual levels of IT efficiencies (compulsory IT 
training, etc); 
• Traditional forms of information and communication methods between 
project team members (especially on remote projects) are mostly paper 
based. This form of communication is wasteful - in transmission time and cost, 
environmental issues, etc. - and requires reassessment by identifying areas for 
improvement, thereby ensuring the successful implementation of a more 
efficient, cost effective, and streamlined communication and information 
process on remote projects. 
 
8.1.4. Training and Education  
 
Although the various IT and Web-based communication tools or systems 
implemented and tested within the ORCM Research Project are not new to the 
Australian construction industry, there is still a shortage of basic IT literate or skilled 
personnel on construction and/or civil projects.  
 
For the industry to improve the use of information, communication and online 
technologies on remote building and civil construction projects, it needs to 
increase its levels of IT and computer literacy - starting from white collar (top 
management) through to blue collar (mainly site personnel). This can only be 
achieved by increasing efforts in developing, training, supporting, supervising and 
more importantly maintaining these activities. To increase IT knowledge, 
awareness and skills of companies in both the public and private sector, 
compulsory training programmes need to be implemented: 
• Professional training institutions are to be used to help existing staff members 
achieve 'multi-skill' capabilities. This will result in existing staff members with 
limited or no IT experience, to continue with existing tasks, roles or activities on 
projects but with an IT 'edge'. To achieve this level of IT confidence will take 
time, as training will have to be undertaken in a number of stages (depending 
on the individual), starting with an introductory or general IT and computer 
course, through to specialised and product based training;  
• Public and private education institutions are to prioritise the introduction 
and/or continuation of 'exposing' and training undergraduate and 
postgraduate construction industry students - future generations of 
contractors, project managers, consultants, etc - on how to implement and 
use the latest IT tools and communication systems on remote building and civil 
projects.  
• On-site demonstrations of the proposed IT tool or communication system if 
and when required, with 24-hour telephonic and/or online 'Help Desk' access. 
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8.1.5. Product v End User 
 
To ensure the successful implementation and/or adoption of a new IT and/or 
Web-based communication tool/system/process, it is important for its developers, 
manufactures and/or implementers to keep in mind, focus on and involve 
potential end users by: 
• Considering and/or monitoring future user requirements (based on individual 
roles and responsibilities on a project), thereby guaranteeing the 
improvement in existing project related activities – “designed for the 
construction industry, by the construction industry".  
• Providing free access to downloadable and compatible readers and/or 
‘plug-ins’ for common/shared access to data. 
• Creating a feeling of trust (reliability, relevance, etc.) to the potential end 
user. 
• Ensuring that the capabilities and/or functionality of the proposed IT and/or 
Web-based communication tool/system/process is compatible with most 
other IT products and/or systems used in the construction and other industry 
sectors – potentially saving overall project time, cost, labour, errors, etc. 
 
8.1.6. Clients 
 
Local and international clients, principals or customers are becoming more 
knowledgeable about the various construction phases and communication 
processes or capabilities utilised on remote projects:  
• This ever-increasing  'knowledge' or 'awareness' of an industry's 'capabilities' 
enhances the client’s ability to, independently, determine and verify if the 
most economical and efficient construction and communication methods or 
processes will be used by the team on their building or civil project.  
• Due to these clients (in many cases) stemming from other 'IT exposed' industry 
sectors – for example, satellite or mobile technology companies requiring a 
new head office building; or a car manufacturing company requiring a new 
high tech assembly and warehouse facility; or a client wanting a new high 
security and automated correctional facility in central Queensland - it will only 
be a matter of time before many private and public sector contractors, 
consultants and other project team members bidding for projects are 
‘expected’ to utilise the latest, most efficient and cost effective construction, 
information and communication technologies and processes on projects. 
 
8.1.7. Commitment Level  
 
The most important asset in every organisation, company, industry sector or 
project team, is its people.   
• The industry needs to increase its level of commitment to its people, as too 
much talent, expertise and skills are essentially wasted by not recognising 
and/or taking advantage of invaluable staff contributions, which could 
significantly improve the development and implementation of new 
construction, information and communication technologies and processes on 
projects. 
• All project participants, stakeholders and team members, together with 
professional industry researchers, IT system/tool/process developers, etc., are 
to engage (“buy in” at the highest level) and be entrusted with the important 
task of developing, implementing, testing, trialling and/or evaluating the most 
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up-to-date, efficient and cost effective construction, information and 
communication technologies and process solutions. 
• To ensure continuous use and successful uptake of a newly implemented IT 
and/or communication tool/system/process, the project team should have a 
‘driver’ or implementation ‘champion’ (Superintendent or equivalent). 
 
With this new and elevated level of commitment and involvement, both public 
and private industry sectors alike will experience, in its entirety, increasing levels of 
IT knowledge, awareness and skills of all parties involved. 
 
8.1.8. Legal issues  
 
Commitment by both government and industry sectors is required to help 
develop more innovative strategies to build a stronger and more competitive 
Australian building and construction industry. ORCM Committee Members and 
their organisations have sought legal advice regarding the use of electronic 
communications on both public and private sector projects. These legal 
investigations are aimed at strengthening organisational and individual legal 
status when utilising electronic transactions or communications on building and 
civil projects as well as better management of risks such as security, reliability, 
authenticity, etc. With the introduction of electronic transaction legislation, 
current legal issues are likely to be strengthened when making use of electronic 
communications on projects.  
 
• Electronic Transactions Act 1999/2001 
 
According to legal updates by Crown Law (2000 and 2001) and Electronics 
Transaction Act (1999), technological innovation has created new opportunities 
for the way government and commercial organisations conduct their 
communication and business activities - the use of electronic communication as 
a method for conducting business and commerce (e-commerce). The legal 
update continues by stating eCommerce does not change the nature of the 
commercial processes, but can improve efficiencies and cost-effectiveness, 
describing it as 'the next phase in the evolution of the tools used in business'.  
• Objective 
The Electronic Transactions Act is to provide a regulatory framework that: 
• Recognises the importance of the information economy to the future 
economic and social prosperity of Australia; and 
• Facilitates the use of electronic transactions; and 
• Promotes business and community confidence in the use of electronic 
transactions; and 
• Enables business and the community to use electronic communications in 
their dealings with government. 
• Key issues  
Crown Law (2000) states there are five legal and practical issues relating to 
commerce and the exchange of information in the electronic environment: 
• Authenticity  
This concerns the source of the communication - does it come from the 
apparent author? 
• Integrity  
Whether or not the communication received is the same as that sent - has 
it been altered either in transmission or in storage? 
• Confidentiality  
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Controlling the disclosure of and access to the information contained in 
the communication. 
• Matters of evidence  
This concerns e-communications meeting current evidentiary 
requirements in a court of law, for example, a handwritten signature. 
• Matters of jurisdiction  
This concerns the electronic environment having no physical boundaries, 
unlike the physical or geographical boundaries of an individual state or 
country. This means that it may be uncertain which State’s or country’s 
laws will govern legal disputes about information placed on the Internet, 
or about commercial transactions made over the Internet. 
 
The Electronic Transactions Act – Queensland 2001 (at the time of compiling this 
report) is at its final stage of being been passed. The Department of Justice and 
Attorney General is presently consulting with Queensland Government agencies 
after which the Act will be proclaimed. 
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1 Introduction 
 
The Online Remote Construction Management (ORCM) project is a collaborative 
research project funded and supported by a number of industry, government 
and university based project partners. In general, the ORCM project aims to 
develop, trial and/or evaluate communications systems, which will allow 
collaborative design and construction to be undertaken between members of a 
geographically dispersed construction project consortium. Utilising sophisticated 
computing functionality together with advanced communications technology, 
such systems should substantially enhance the capacity of design and 
construction professional and trades personnel to improve the two-way flow of 
accurate, appropriate and timely information within and between central offices 
and project sites; to improve industry efficiency and competitiveness; to lower the 
effective cost of design and construction; and to improve the communication 
and working relationships of all parties. 
 
This report has been prepared to by the ORCM Research Team for reporting 
analysis results from the Dawson Highway (West of Little Roundstone Creek) Case 
Study Project in Emerald. Under the various ORCM Partner Agreements, the 
ORCM Research Team is required to report on the results of individual case study 
projects as well as provide a consolidated project report at the conclusion of the 
ORCM project.  
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2 Dawson Highway (West of Little Roundstone Creek) Case Study Project - 
Emerald District  
 
The Queensland Department of Main Roads (QDMR) Dawson Highway (West of 
Little Roundstone Creek) Case Study Project was identified as a truly 'remote' 
Online remote Construction Management (ORCM) case study project - located 
over 2 hours drive south of Emerald. The project was completed in March 2001, 
with the full support of the client and contractor for the project’s use as an ORCM 
case study project. 
 
2.1 Data Collection Activities 
 
Research activities, promoting an in-depth investigation into the Dawson Highway 
(West of Little Roundstone Creek) Case Study Project, concentrated on collecting 
and classifying various communication data originating from, or directed to 
and/or through the Principal, Superintendent and representative, Contractor, 
consultants, subcontractors and their suppliers.  
 
2.1.1 Site Visits 
 
At the beginning of the project, an initial site visit was carried out to meet both 
the contracting and Main Roads staff involved with the project. This meeting was 
designed to provide details about what the ORCM project involved and answer 
any questions that they may have had regarding its influence on the way that 
they worked. The outcome of this meeting was that all participants indicated that 
they were happy to use the system for all formal communication. 
 
Due to Dawson Highway (West of Little Roundstone Creek) Case Study project 
participants using ProjectCentre for the majority of their project related 
documentation and communication, only one further visit to the Emerald District 
office was required by ORCM Researchers towards the end of the project. This 
was done to collect any outstanding project information. During the visit, formal 
and informal interviews as well as general discussions were undertaken with 
consultants, site staff and other project members, which were then documented. 
 
2.1.2 Collection of Data 
 
Dawson Highway (West of Little Roundstone Creek) Case Study project data was 
only collected through the use of ProjectCentre, from the date construction 
commenced in September 2000, until its completion in March 2001. Project data 
collected was obtained from the ProjectCentre database, in the form of a “data-
dump”. Any other formal or informal communication carried out on the project 
between the project participants, was not collected on this project. Typically, 
contract documentation such as tendering information was excluded, as the 
ORCM Research Team believe that the contractual process of the project could 
not be influenced.  
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2.2 Project Description 
 
'Penna & Company' - an experienced Townsville based civil construction 
contractor  - won the tender for the Dawson Highway (West of Little Roundstone 
Creek) Case Study Project. The project consisted of a 9.2 km section of widening 
and overlaying an existing pavement, approximately 40 km west of Moura on the 
Dawson Highway (West of Little Roundstone Creek). Additionally a sidetrack / 
detour was constructed to allow the safe passage of traffic around the job site 
during construction. 
 
A general description of the Dawson Highway (West of Little Roundstone Creek) 
Case Study Project's statistics is as follows: 
 
• Client    : Queensland Department of Main Roads 
(QMDR) 
• Value at completion  : $ 4.1million 
• Project description : Widening of existing Dawson Highway  
(South of Rolleston) formation and 
overlaying with 150mm nominal gravel to 
achieve fully sealed 9-metre formation 
(2/3.5m traffic lanes) 
• Delivery system   : Traditional 
• Contract time   : 220 calendar days 
• Completion date   : March 2001 
• Primary Contractor  : Penna & Company Pty Ltd 
• Information Technology  : projectCentre 
 
2.2.1 Dawson Highway Case Study Project Organisation Structure 
 
The Dawson Highway (West of Little Roundstone Creek) Case Study ‘project 
team’ who used projectCentre (refer Section 3: Information Technology Utilised), 
consisted of the Principal, Superintendent and Superintendent’s Representative 
located in Emerald, the Inspector and Contractor’s staff on site, and the 
Contractor himself (Company Director) based in Townsville. Figure 2.1 provides an 
outline of the Dawson Highway (West of Little Roundstone Creek) Case Study 
Project's organisational, communication and contractual reporting structures. 
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Figure 2.1 Dawson Highway (West of Little Roundstone Creek) Case Study 
Project – Organisational, Communication and Contractual Flow 
Diagram 
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3 Information Technology Utilised 
3.1 projectCentre 
 
projectCentre was being used as the IT medium for project communications and 
document control throughout the various phases of the Dawson Highway (West 
of Little Roundstone Creek) Case Study Project. Research activities on this project 
began by concentrating on collecting and classifying the communication data. 
projectCentre converted various QDMR standard forms and documents into 
electronic format for use on the system. Additionally, the ORCM Research Team 
and the projectCentre software development team developed a 'data mining’ 
program to assist in retrieving the specified data.  
 
projectCentre is a “project web portal” or web-based project management 
system for construction industry projects. A web browser is all that is required by 
the project team to gain access to, or transmit project documents from any 
location where Internet services are provided. There is no need for the purchase 
or installation of software nor the download of plug-ins, applets, 'java runtime 
environments', or anything else to use projectCentre. There is, however, a set-up 
cost and weekly usage charge to be covered by the project team. 
 
Within projectCentre, there is a public area where the general public can review 
'project newsletters', 'sales information', and any other information the project 
team wish to make public. A password is required for members of the project 
team to access most of the features of projectCentre. Project team members 
send, receive and manage correspondence, requests for information, 
instructions, variations, drawings and the many other documents involved in the 
construction process.  
 
projectCentre also provides a full document management system and bureau 
printing services on- line. Printed project documents can be ordered on-line and 
delivered to one or more project team offices or on-site through a network of 
printing services currently in Brisbane, Sydney, Melbourne and Adelaide. This 
bureau service is being expanded to other states and countries in the region.  
 
For more information on the projectCentre System, visit their web site 
http://www.projectCentre.net/. 
 
3.2 Online Remote Construction Management (ORCM) Technology Review 
 
To establish the current state of the use of communications and information 
technologies (IT) in the organisations involved in the Dawson Highway (West of 
Little Roundstone Creek) Case Study Project, a series of interviews were 
undertaken by John Crawford (Principal Experimental Scientist - CSIRO), 
accompanied by ORCM Researchers, in May 2000. Project participants from the 
Queensland Department of Main Roads (QDMR) and projectCentre, were asked 
to respond to various IT issues (refer 3.2.1: Information Technology Issues Under 
Investigation) and comment on their view of the company’s approach relating to 
the use and influence of communications and information technology in the 
industry in general, but more importantly, how it relates to the Dawson Highway 
(West of Little Roundstone Creek) Case Study Project.  
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Responses, results and recommendations to the IT issues in relation to all 5 ORCM 
Case Study Projects and/or project partner organisations placed under 
investigation by Dr John Crawford and ORCM Researchers, can be viewed in the 
September 2000 Report: "Technology Review for Online Remote Construction 
Management (ORCM) Project" (Crawford, et. al. 2000).  
 
3.2.1 Information Technology Issues Under Investigation 
 
Responses to following IT issues pertaining to the Dawson Highway case study 
project: 
 
• Existing Systems in Use 
• General description 
• Communications 
• Computers 
• Project Management functions 
• Databases 
• Computer-Aided Design (CAD) 
• Internet and Web 
• Archiving and file back-up 
• Field hardware 
 
• Potential of Existing system 
• Unutilised capabilities 
• Future developments being put in place in existing systems. 
 
3.2.2 Results and Recommendations 
 
Below, an extract of the results, recommendations and observations documented 
in Crawford, et. al. (2000) pertaining to the Queensland Department of Main 
Roads (QMDR) and Project Centre interviews: 
 
With the IT revolution engulfing the building, construction and engineering 
industries, the two larger organisations, QDMR and Project Services, again are 
committed to the ideals of the ORCM but would appear to have more resources 
to devote to these outcomes. Both groups have been through the document 
management stage, and QDMR are taking significant steps towards fully 
integrated project management, while Project Services are well down the track 
of workflow management in their development and implementation of project 
management systems and their Electronic Plan Room. 
 
Wider-spread implementation of an Internet-based project management system 
for QDMR is seen as a logical next step towards raising the level of IT sophistication 
in their operations. Perhaps unlike the other ORCM participants, QDMR have 
some particular issues in dealing with actual “remote” sites (that is, remote for 
both transport and communications, as compared to sites which are simply 
“distant” from other offices), and so will have special needs for implementation of 
solutions which other participants may not require. 
 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part C: Case Study Report: Emerald 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 9 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part C: Case Study Report: Emerald 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 10 
4 Benchmark Project Description 
4.1 Dawson Highway (Bluff to Blackwater) Traditionally Delivered Benchmark 
Project - Emerald District  
 
The Queensland Department of Main Roads gave the ORCM Research Team 
access to the Dawson Highway (Bluff to Blackwater) Benchmark project data - a 
traditionally delivered construction project of similar size, value, location 
(remoteness) etc, to that of the Dawson Highway (West of Little Roundstone 
Creek) Case Study project - refer Section 2: Dawson Highway (West of Little 
Roundstone Creek) Case Study Project - Emerald District .  
 
Members of the ORCM Research Team were initially to be given access to the 
Main Roads Data Management System (DMS) where all correspondences 
pertaining to this and other Main Roads projects are kept. Unfortunately, due to a 
number of issues relating to data access, this did not eventuate and the Emerald 
District staff members agreed to download what relevant data they could find, 
and send them to QUT Brisbane as email attachments for extraction and allow 
analysis of the data to commence.  
 
4.2 Dawson Highway Traditionally Delivered Benchmark Project Description  
 
A general description of the Dawson Highway (Bluff to Blackwater) Benchmark 
Project's statistics is as follows: 
 
Client     : Queensland Department of Main Roads 
Value at completion   : $4,161,000 
Project description   : Widening & Overlay a 9.2 km section of the  
Dawson Highway 40 km - Bluff to Blackwater 
Contract delivery system  : Road Construction Contract 
Contract duration   : 220 days 
Completion date   : 9 March 2001 
Primary contractor   : Fulton Hogan Pty. Ltd 
Information Technology  : none (Facsimile, telephone, HF 2-way Radio) 
 
4.3 Dawson Highway (Bluff to Blackwater) Traditionally Delivered Benchmark 
Project Organisation Structure 
 
Figure 4.1 provides an outline of the Dawson Highway (Bluff to Blackwater) 
Benchmark project's organisational, communication and contractual reporting 
structures. 
 
The Dawson Highway (Bluff to Blackwater) traditionally delivered Benchmark 
project's organisation structure (Figure 4.1) is very similar to that of the Dawson 
Highway (West of Little Roundstone Creek) Case Study (Figure 2.1). The main 
difference between the two organisational structures is that the benchmark 
project made use of a different Contractor who was based in Brisbane, not 
Townsville. The ‘project team’ consisted of the Principal, Superintendent and 
Superintendent’s Representative located in Emerald and the Inspector and 
Contractor’s staff located on site.  
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 PRINCIPAL
(Emerald) 
SUPERINTENDENT
(Emerald) 
CONTRACTOR 
(Brisbane) 
INSPECTOR
(On Site) 
SUPERINTENDENT
Representative 
(Emerald) 
SITE OFFICE 
STAFF 
Contract Quality 
Representative 
Supervisor 
Soil Tester 
Drainage Crew 
Labourers 
KEY: 
 
Reporting 
 
Communication 
 
 
 
Figure 4.1 Dawson Highway (Bluff to Blackwater) Traditionally Delivered 
Benchmark Project – Organisational, Communication and 
Contractual Flow Diagram 
4.4 Communication Methods 
 
The Dawson Highway (Bluff to Blackwater) Benchmark project participants made 
use of the more 'conventional' or 'traditional' forms of communication systems 
and/or IT tools such as: facsimile, telephone (land line and mobile) and High 
Frequency 2-way radios, for daily site instructions and other project related 
communication between the Superintendent, Contractor and other project 
participants. E-mail and Internet facilities were not used on this project. The 
Inspector had a Laptop Computer on site but this was only used for spreadsheet 
work ('measure ups' for progress payment purposes, etc). 
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5 Information Technology (IT) Analysis Framework 
5.1 Background 
 
Construction is a fragmented industry, with numerous design firms, contractors, 
subcontractors, and suppliers involved in almost any project. Computers can 
provide unifying modelling, management and communications systems to bring 
the unique talents of these parties together in a more productive and integrated 
manner. Leading consulting and construction firms are increasingly recognising 
computers as a strategic technology, and it is very probable that these firms will 
be the ones who will ensure the industries success in the next century (Boyd and 
Paulson, 1995). 
 
The construction industry is making insufficient use of transferring project data and 
information electronically. McCaffer et. al. (1991) comments that data exchange 
between project participants is still largely undertaken on paper. Further, the 
construction industry has been identified as not having a coherent and 
integrated computer system that encompasses the whole of the construction 
process from design through construction to final account and facilities 
management, even though the existing technology can make this possible. 
 
A Business Technology Survey (Australian Bureau of Statistics, 1997-98) measured 
business use of information technology and telecommunications (IT&T) including 
the Internet. The results were based on a sample of 6,800 Australian businesses. 
The results of the survey are reproduced in Table 5-1, where access to the 
Internet, for example, was highest in mining (47%), property and business services 
(46%), and communication services (45%). In contrast, industries such as 
accommodation, cafes and restaurants (16%), retail trade (17%), construction 
(20%) and transport and storage (20%) were among those with the lowest 
proportion of Internet access. From the same survey, almost two-thirds of 
businesses report not having PC's, because the technology was 'not suited to the 
nature of the business' (Table 5-2 & Table 5-3). One-third of businesses reported 
cost was a barrier to adopting PC's. 60% of businesses with PC's had no Internet 
access because it was 'not suited to the nature of the business', and two-thirds 
cited cost as a barrier to acquiring Internet access. 
 
Tucker et. al. (2000: 17) reports that there have been few comprehensive 
benchmarking studies of IT use in the construction industry and indicate that of 
those studies, most tend to be severely limited in scope and application. 
 
Of the available benchmarking methodologies, perhaps the most commonly 
adopted framework for the examination of IT usage is the “Strategic IT Health 
Check” as developed by Construct IT Centre of Excellence (1997) in the United 
Kingdom. Despite its relatively wide adoption, the Strategic IT Health Check is also 
limited in its scope. Amongst other shortcomings, it is structured to evaluate the 
organisation and not the use if IT on a project. Tucker et. al. (2000: 18) conclude 
that a new information technology analysis framework is required to allow 
effective comparisons within and between projects and summarise their study 
into existing IT benchmarking methodologies and frameworks as follows: 
 
• The Construct IT Health Check is the only existing analysis framework that has 
been used in a number of countries.  
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part C: Case Study Report: Emerald 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 13 
• Almost all analysis of the use of IT in construction has been focused at the 
organisational level and the capabilities of applying IT. 
• The limitations of existing analysis frameworks are many and include: 
• The analyses are snapshots in time only. 
• There is minimal detail, with most focussing on a broad level of analysis 
(overview). 
• Benchmarking is minimal. 
• Benchmarking which has been done is only at a strategic level. 
• Very limited analysis has been attempted at the project level. 
• Information is almost all from interviews (subjective). 
• Poor reproducibility has limited comparisons of time (performance) and 
country. 
 
Table 5-1 Business Use of PC's and the Internet 
 
Industry PC's LAN/ 
WAN 
Internet 
Access 
Email  
Access 
Web 
Browser  
Access 
Web Site/ 
Home 
Page 
No. 
of  
Bus. 
 % % % % % % ,000 
Mining 78 38 46 45 43 19 2 
Manufacturing  69 21 31 29 25 8 48 
Construction 54 7 17 16 15 4 78 
Wholesale Trade 74 30 38 38 35 10 43 
Retail Trade 54 17 17 17 14 2 110 
Accommodation & 
Restaurants 45 8 14 12 13 5 31 
Transport & Storage 54 15 20 19 15 5 31 
Communication Services 73 17 45 45 38 13 3 
Finance & Insurance's 74 27 39 37 34 12 18 
Property & Business 
Services 78 30 44 43 39 8 142 
Health & Community 
Services 69 20 33 32 30 5 49 
Cultural & Recreational 
Services 64 18 33 33 30 13 15 
Personal & Other Services 42 12 20 20 18 9 33 
Total/Average 64 20 31 30 27 9 603 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part C: Case Study Report: Emerald 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 14 
Table 5-2 Benefits of Business Use of the Internet 
 
Industry Reduced 
Business 
Cost 
Broader 
Client 
Exposure 
Better 
Access to 
Information 
Business 
Across 
Time 
Zones 
Improving 
Customer 
Satisfaction 
No. 
Of 
Bus. 
 % % % % % ,000 
Mining 31 27 92 43 12 1 
Manufacturing  22 30 71 27 21 15 
Construction 15 17 84 17 8 14 
Wholesale Trade 35 33 88 43 21 17 
Retail Trade 23 14 84 15 16 19 
Accommodation 
& Restaurants 12 41 78 15 24 4 
Transport & 
Storage 46 42 88 45 23 6 
Communication 
Services 40 41 83 9 23 1 
Finance & 
Insurance's 14 40 92 53 23 7 
Property & 
Business Services 33 29 90 36 34 63 
Health & 
Community 
Services 
22 15 88 16 13 16 
Cultural & 
Recreational 
Services 
21 35 84 31 14 5 
Personal & Other 
Services 24 22 87 18 16 7 
Total/Average 27 27 86 30 23 174 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part C: Case Study Report: Emerald 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 15 
 
Table 5-3 Barriers of Business Use of the Internet 
 
Industry Not Suited 
to Nature 
of Business 
Cost Lack of 
Skill or 
Training 
Other Businesses 
with PC's but 
No Internet 
Access  
Businesses 
with PC's but 
No Internet 
Access  
 % % % % % of All 
Businesses 
With PC's 
,000 
Mining 58 26 20 25 41 1 
Manufacturing  66 21 17 25 56 19 
Construction 63 25 22 20 68 29 
Wholesale Trade 59 26 26 30 48 15 
Retail Trade 74 37 28 19 69 41 
Accommodation 
& Restaurants 60 34 28 27 68 9 
Transport & 
Storage 49 36 31 21 63 10 
Communication 
Services 51 0 0 0 38 1 
Finance & 
Insurance's 62 17 28 25 48 6 
Property & Business 
Services 48 27 19 34 44 48 
Health & 
Community 
Services 
56 36 26 32 52 18 
Cultural & 
Recreational 
Services 
54 42 13 34 49 5 
Personal & Other 
Services 72 34 33 9 51 7 
Total/Average 60 30 24 26 55 209 
 
 
5.2 Information Technology Analysis Framework for the Acton Peninsula 
 
The Acton Peninsula Development Project located in Canberra, comprises of the 
National Museum and the Australian Institute of Aboriginal and Torres Strait 
Islander Studies, and is the first major building development in Australia awarded 
on the basis of a joint alliance contract, including the building and services 
contractor. 
 
As a part of a major research project surrounding the Acton Peninsula 
Development, researchers have developed a framework for reporting on lessons 
learned about the application of IT in construction during the design, construction 
and project management. The main focus of this framework is the use of IT in the 
design, construction and project management functions, as well as a review of 
the development of IT in the construction industry.  
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The “Information Technology Analysis Framework for Acton Peninsula Project” 
(Tucker et al, 2000) specifically examined IT implementation from seven 
perspectives: 
• Information technology; 
• User utility; 
• Project organisation; 
• Project management functions; 
• Benefits; 
• Value-adding; and 
• Competitive positioning. 
 
5.3 ORCM Application of the Information Technology Analysis Framework for 
the Acton Peninsula 
 
As a part of the Online Remote Construction Management project, research is 
required into the benefits of IT implementation into the construction industry. To 
ensure the original Information Technology Analysis Survey could be administered 
without delay on the various ORCM case study projects, it was proposed that the 
Information Technology Analysis Framework for Acton Peninsular Project (Tucker, 
2000) be utilised in the evaluation of IT implementation, as well as the benefits, 
advantages and barriers to that implementation. 
 
QUT researchers associated with the ORCM project received permission to use 
and modify the framework from the publication authors (CSIRO, Griffith University 
and QUT).  
 
5.4 ORCM Aim for the Information Technology Analysis Survey 
 
The aim of the ORCM Information Technology Analysis Survey is to report on 
lessons learned regarding the application of IT during the design, construction 
and project management phases of the project - i.e. to examine the project and 
organisational level of IT implementation and application, as well as potential 
benefits, advantages and/or barriers the project and/or organisation 
experienced by that implementation.  
 
5.5 ORCM Implementation of the Information Technology Analysis Survey 
 
The following project participants from the Dawson Highway (West of Little 
Roundstone Creek) Case Study Project - refer Section 2: Dawson Highway (West 
of Little Roundstone Creek) Case Study Project - Emerald District  - who made use 
of projectCentre (refer Section 3.1:projectCentre) to generate, receive, store 
and/or disseminate all project related documentation, information and/or 
communication, completed the ORCM Information Technology Analysis Survey: 
 
• Superintendent 
• Superintendent Representative 
• Contractor 
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5.6 ORCM Information Technology Analysis Survey - Section Breakdown 
5.6.1 Section 1 – General Information 
 
In the first section of the ORCM Information Technology Analysis Survey, ORCM 
Researchers asked the Dawson Highway (West of Little Roundstone Creek) Case 
Study project participants who used projectCentre on the project, to provide a 
general background to their role in the project as well as provide a record of past 
and/or existing levels of IT ‘exposure’ and/or experience on projects. 
 
5.6.2 Section 2 – Seven IT implementation Perspectives 
 
To determine the project and organisational level of IT implementation and 
application, as well as potential benefits, advantages and/or barriers the project 
and/or organisation experienced by that implementation during the design, 
construction and project management phases of the project, the ORCM 
Information Technology Analysis Survey specifically examined IT implementation 
from 7 different but inter-connected perspectives (Figure 5.1). 
 
 
Value-
adding 
Enhanced 
Delivery 
process 
Strategic 
Positioning 
Strategic 
Impacts 
Project 
Management 
Functions
Productivity
& Efficiency
Project 
Organisation Coordination &
Integration 
Benefit
Tangible & 
Intangible 
User 
Utility
Use
Information 
Technology
 
 
Figure 5.1 Seven IT Implementation Perspectives (Tucker, 1999)  
 
 
Key to Figure 5.1: 
 
1. Information Technology Perspective:   
 
This perspective is the centre of the framework. It focuses on the IT tools used 
and addresses their technical aspects. 
 
2. User Utility Perspective:   
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This perspective is concerned with user satisfaction and perceived value of IT 
use. User satisfaction is expected to play an important role in the overall 
evaluation of the IT tool. From the user’s perspective, the value of the tool is 
based largely on the extent to which it helps the user do the job more 
efficiently and effectively. This perspective covers usage-related issues of 
interest to users who interact with the IT tools.  
 
3. Project Organisation Perspective:   
 
This perspective deals with the role IT plays in facilitating the integration of 
project participants. 
 
4. Project Management Functions Perspective:   
 
This perspective examines the impact of IT on project management functional 
goals, mainly in the areas of information needs, quality and timeliness within 
the context of design, construction and project management functions. The 
measurement and evaluation of project management functions should yield 
useful data about the impact IT has on the productivity and efficiency of 
these functions. 
 
5. Benefits Perspective:   
 
This perspective investigates the link between IT implementation and any 
project-related short-term benefits. The perspective includes both tangible 
and intangible benefits. Tangible benefits such as time and cost savings are 
expected due to the reduction of paper-based workload, faster response 
times and less rework. Intangible benefits may include process flexibility in 
generating, handling and manipulating data, ease of workload, and ability to 
detect errors or inconsistencies.  
 
6. Value-adding Perspective:   
 
Capturing the relationship between IT implementation and the overall project 
delivery process and is a much broader concept than that of the benefits 
perspective. It examines the perceived value-added aspect of the process in 
terms of generating business value to the client (delivering a project through a 
more robust delivery process) as well as to all project stakeholders (cultural 
change and extended partnerships).  
 
7. Strategic Positioning Perspective:   
 
In addition to evaluating IT use in a particular project, there is also a need to 
measure and evaluate IT contribution to the strategic capability of the 
organisation. This perspective assesses the impact IT has on the organisation 
at the strategic level. It is concerned with how lessons learned in this project 
are disseminated and hence contributed to the strategic positioning of the 
organisation. For example, how benefits achieved are being translated into 
an increased organisational capability and the ability to view IT as an integral 
part of future business and project activities. 
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5.7 Results from the ORCM Information Technology Analysis Survey 
5.7.1 Results - Section 1 (General Information) 
 
Results obtained from the Dawson Highway (West of Little Roundstone Creek) 
Case Study project participants and/or users of the projectCentre system 
implemented on the project, are shown in Figure 5.2:  
 
100%100%100%
33%
100%100%
33%
0%
100%
67% 67%
100%
67% 67%
100%
67%
0% 0% 0%
33%
67%
100%
67%
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
R
es
po
ns
e 
(%
)
P
rio
r t
o 
th
is
 P
ro
je
ct
H
om
e
O
ffi
ce
O
th
er
e-
m
ai
l
w
w
w
 
eC
om
m
er
ce
eP
ro
cu
re
m
en
t
W
or
d
E
xc
el
O
th
er
P
ro
je
ct
 M
an
ag
em
en
t
C
os
t C
on
tro
l
C
A
D
O
th
er
 (f
ax
, p
ho
ne
, e
tc
)
1-
20
21
-4
0
41
-6
0
61
-8
0
81
-1
00
Y
es
 / 
N
o
U
se
R
es
po
nd
Categories
 
Figure 5.2 Dawson Highway (West of Little Roundstone Creek) Case Study 
Project Results - General Information  
 
Referring to Figure 5.2, Dawson Highway (West of Little Roundstone Creek) Case 
Study project participants and/or users of the projectCentre system implemented 
on the project, provided the following 'general' information, enabling ORCM 
Researchers to determine a record and rating/percentage (%) for each criterion, 
including:  
 
1. Prior to this project, have they used computers in their work before?  
 
100% of the Dawson Highway (West of Little Roundstone Creek) Case Study 
project participants who took part in the survey, said yes to having used 
computers in their work (prior to this project). 
 
2. If yes in what capacity - i.e.: pricing/costing; Word-processing; programming; 
cost control; drawing/design; email; Web-based applications; e-Commerce; 
e-Procurement; and/or other? 
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• 100% have or are using Microsoft Office software (Word 98), Word Pro, 
Lotus Notes and Apple Works for most of their documentation activities on 
projects.  
• The majority (67%) have or are using Microsoft Office Excel for project 
related documentation. 
• 100% of the Dawson Highway (West of Little Roundstone Creek) Case 
Study project participants, who took part in the survey, used or found the 
need to access email or the World Wide Web (www) for communication 
purposes on this and other projects. 
• 100% use or have used Project Management software’s: Microsoft Project, 
Primavera or Suretrak. 
• 67% use or have used MYOB as a cost control software. 
• Only one person (33%) who took part in the survey answered yes to using 
eCommerce (internet banking) but none have or are using eProcurement 
facilities on projects. 
• 67% have or are using Computer Aided Drawing (CAD) software’s: 
AutoCAD or CivilCAD throughout the various phases of projects. 
• 100% of the Dawson Highway (West of Little Roundstone Creek) Case 
Study project participants, who took part in the survey, have or are using 
'conventional' or 'traditional' forms of communication (facsimile, 
telephone, radio, etc) on past and current projects. 
 
3. Have they used computers at home, office and/or Internet-café etc.?  
 
100% have or are finding the need to use a computer at work and at home. 
 
4. Approximately how much of their work on this project requires a computer? 
 
67% of the Dawson Highway (West of Little Roundstone Creek) Case Study 
project participants who took part in the survey stated their work or role on this 
project required between 1% and 20% use of a computer, and the remaining 
33% requiring between 81% and 100% use and/or access to a computer for 
generating, accessing and/or receiving project related information. 
 
5. Do they believe computers have improved their work capabilities?  
 
67% of the Dawson Highway (West of Little Roundstone Creek) Case Study 
project participants who took part in the survey agreed that through the use 
of the various IT tools, software and/or communication systems (including 
projectCentre) on the Dawson Highway Case Study project, improved their 
working capabilities throughout the various phases of the project. 
 
6. For any project information that they receive electronically, do they use 
and/or respond the information electronically?  
 
100% of the Dawson Highway (West of Little Roundstone Creek) Case Study 
project participants who took part in the survey said they used the electronic 
format of the project related information they received electronically from 
other project participants - i.e.: electronically (using a computer) saving, 
altering, reformatting, etc. the original piece of correspondence/information. 
 
Yet 67% of the Dawson Highway (West of Little Roundstone Creek) Case Study 
project participants who took part in the survey actually responded 
electronically to the original project related information they received 
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electronically from other project participants. Therefore the remaining 33% still 
print out hard copies (paper copy) of the original electronic 
correspondence/information, manually altering, attaching (staple), 
photocopying, filing (archive folders), etc. the paper version, then use 
'traditional' forms of communication (i.e.: facsimile, post, courier, etc) for 
further dissemination. 
 
For comparison purposes only, Figure 5.3 shows the combined/average result (%) 
calculated from the responses provided by project participants and/or users of 
the same or similar IT tools and/or communication systems implemented on the 
other 4 ORCM case study projects (excluding Dawson Highway) for the same 
General Information criteria (above).  
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Figure 5.3 Combined Results of 4 ORCM Case Study Projects - General 
Information 
 
Interestingly, results show that the Dawson Highway (West of Little Roundstone 
Creek) Case Study Project scores in Figure 5.2 are generally well above the 
combined/average scores (%) obtained from the other 4 ORCM case study 
project participant responses (Figure 5.3). This comparison of response ratings or 
patterns provide a good indication as to how the Dawson Highway (West of Little 
Roundstone Creek) Case Study project participants compare against the other 4 
ORCM case study project participants in relation to their strengths and 
weaknesses, computer and software 'exposure', experience or usage, etc. 
 
5.7.2 Results - Section 2 (Seven IT implementation Perspectives) 
 
Dawson Highway (West of Little Roundstone Creek) Case Study project 
participants and/or users of projectCentre, were asked to score each of the 7 
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perspectives, by choosing a number between 1 and 5 for each of the weighted 
criteria’s (refer 5.6.2: Section 2 – Seven IT implementation Perspectives). A score of 
1 is described as being the lowest and 5 the highest score obtainable for any 
criteria within each perspective.  
 
ORCM Researchers then combined all the scores provided by project 
participants for each ORCM Case Study Project and manipulated the responses 
to get an overall percentage (%) or rating for each perspective. Again a 
minimum rating of 0% and a maximum rating of 100% can be obtained - i.e. the 
higher or lower the rating the higher or lower the various project participants 
and/or users of the IT tools and communication systems implemented on the 
ORCM case study projects, determined his or her overall level of satisfaction for 
that perspective. 
 
Figure 5.4 shows percentage ratings for each of the 7 perspectives calculated 
from responses provided by Dawson Highway (West of Little Roundstone Creek) 
Case Study project participants and/or users of projectCentre. 
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Figure 5.4 Dawson Highway (West of Little Roundstone Creek) Case Study 
Project Results - 7 Perspectives Compared 
 
Figure 5.5 shows the combined result (%) obtained from the remaining 4 ORCM 
case study projects (excluding the Dawson Highway Case Study project) that 
took part in ORCM Information Technology Analysis Survey.  
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Figure 5.5 Combined Results of Remaining 4 ORCM Case Study Projects - 7 
Perspectives Compared 
 
Results (%) for each of the 7 perspectives obtained from the Dawson Highway 
(West of Little Roundstone Creek) Case Study project participants and/or users of 
projectCentre (Figure 5.4) in relation to the results obtained from the other 4 
ORCM case study projects (Figure 5.5) that took part in ORCM Information 
Technology Analysis Survey, are as follows:  
 
1. Information Technology - 68%:   
 
By taking the Dawson Highway (West of Little Roundstone Creek) Case Study 
Project percentage rate of 68% () and the average percentage rate (69%) of 
the other 4 ORCM projects (Figure 5.5), ORCM Researchers can determine the 
Dawson Highway (West of Little Roundstone Creek) Case Study project 
participants level of satisfaction pertaining to the technical aspects of 
projectCentre, in relation to the other case study projects. 
  
Results clearly indicate that the Dawson Highway (West of Little Roundstone 
Creek) Case Study project participants rated projectCentre's Information 
Technology perspectives nearly equal (only 1% difference) to the 
combined/average percentage rate of 69% obtained from the other 4 ORCM 
project participants (Figure 5.5), for using the same or similar IT tools and/or 
communication systems. The assessment criteria pertaining to this perspective 
include the following issues: 
• Reliability 
• Secureness against unauthorised use 
• User-friendliness 
• Appropriateness for the application/function 
• Suitability for site conditions (if applicable) 
 
2. User Utility - 58%:   
 
The level of user satisfaction and perceived value of projectCentre on the 
Dawson Highway (West of Little Roundstone Creek) Case Study Project - i.e. 
the extent to which projectCentre helped the user do the job more efficiently 
and effectively - in relation to the other 4 ORCM projects, can be determined 
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by comparing Dawson Highway (West of Little Roundstone Creek) Case Study 
Project's 58% (Figure 5.4) with the combined/average percentage rate (64%) 
obtained from the other 4 ORCM projects (Figure 5.5).  
 
Results show that Dawson Highway (West of Little Roundstone Creek) Case 
Study project participants rated the User Utility perspective of projectCentre 
6% below the combined rate of the other 4 ORCM project participants, for 
using the same or similar IT tools and/or communication systems. User Utility 
issues include:  
• Level and frequency of IT tool use (d) most  
• Level and frequency of training provided 
• Level and frequency of technical support provided 
• Accuracy and quality of the tool/system output 
 
3. Project Organisation - 53%:   
 
Dawson Highway (West of Little Roundstone Creek) Case Study project 
participants rated the role projectCentre plays in facilitating the integration of 
project participants at 53% (Figure 5.4) - i.e.: 14% below the 
combined/average score of 67% (Figure 5.5) obtained from the other 4 
ORCM case study project participant's, for using the same or similar IT tools 
and/or communication systems.  
 
Results clearly indicate that the Dawson Highway (West of Little Roundstone 
Creek) Case Study project participants who took part in this survey, believe 
that the use and implementation of projectCentre on the Dawson Highway 
Case Study project did not significantly: 
• Enhance coordination between project participants 
• Reduce response time to answer queries 
• Establish and support the project team 
• Empower participants to make decisions 
 
 
4. Project Management Functions - 62%:   
 
The impact projectCentre had on the productivity and efficiency of project 
management functional goals - i.e.: information needs, quality and timeliness 
within the context of design, construction and project management functions 
- were rated at 62% (Figure 5.4) by Dawson Highway (West of Little 
Roundstone Creek) Case Study project participants. This is 8% below the 
combined/average score of 70% (Figure 5.5) obtained from the other 4 
ORCM case study project participant's, for using the same or similar IT tools 
and/or communication systems. 
 
Therefore Dawson Highway (West of Little Roundstone Creek) Case Study 
project participants who took part in this survey, rated projectCentre's ability 
to satisfy the project management functional goals, in relation to the 
assessment criteria reasonably high - i.e.: satisfied with its:  
• Facilitation of document transfer and handling 
• Keeping of and ability to update records 
• Immediate reporting and receiving feedback capabilities 
• Ability to identify errors and/or inconsistencies 
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5. Benefits - 52%:   
 
The link between projectCentre implementation and any project-related 
short-term benefits (both tangible and intangible) was given a 52% rating 
(Figure 5.4) by the Dawson Highway (West of Little Roundstone Creek) Case 
Study project participants and/or users of projectCentre. Interestingly, the 
other 4 ORCM case study project participants scored the use of the same or 
similar IT tools and/or communication systems at 63% (Figure 5.5) - i.e.: 11% 
more than those from Dawson Highway Case Study project. 
 
Results therefore indicate that Dawson Highway (West of Little Roundstone 
Creek) Case Study project participants who took part in this survey, were not 
as convinced with the projectCentre’s ability to: 
• Save time (e.g. processing, responding, etc) 
• Save cost (e.g., rework, travelling, overheads) 
• Improve document quality 
• Decrease number of design errors 
• Decrease number of RFI’s 
 
6. Value-adding - 55%:   
 
Dawson Highway (West of Little Roundstone Creek) Case Study project 
participants obtained a rating of 55% (Figure 5.4) for the perceived value-
adding aspect of implementing an overall project delivery process 
(projectCentre) on the project - i.e. 9% below the 64% (Figure 5.5) scored by 
the other 4 ORCM case study project participant's, for using the same or 
similar IT tools and/or communication systems.  
 
Results therefore indicate an 'intermediate' level of satisfaction from the 
Dawson Highway (West of Little Roundstone Creek) Case Study project 
participants who took part in this survey, in relation to projectCentre's ability 
to: 
• Lead to a more satisfied customer 
• Lead to more streamlined processes 
• Enable a cultural change among project members 
• Improve computer/IT literacy 
• Improve project communications 
 
7. Strategic Positioning - 56%:   
 
The use of projectCentre on the Dawson Highway (West of Little Roundstone 
Creek) Case Study Project, in relation to its contribution to the strategic 
capability and project activities of the organisation, received a rating of 56% 
from it's participants (Figure 5.4) - i.e. 9% below the 65% (Figure 5.5) provided 
by the other 4 ORCM case study project participant's, for using the same or 
similar IT tools and/or communication systems.  
 
Dawson Highway (West of Little Roundstone Creek) Case Study project 
participants therefore rate the use and implementation of projectCentre on 
the project as 'middle-of-the-road' in terms of projectCentre's ability to: 
• Enhance the organisation's image in the Industry 
• Attract more sophisticated clients 
• Increase the capability for global co-operation 
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In summary, ratings (%) for the above 7 perspectives, according to responses from 
the Dawson Highway (West of Little Roundstone Creek) Case Study Project (Figure 
5.4) are ‘ranked’ in Table 5-4, indicating project participants overall level of 
satisfaction in using projectCentre on the project: 
 
Table 5-4 Dawson Highway Case Study Project – Ranking of 7 Perspectives 
 
RANKING PERSPECTIVE RATING 
(%) 
COMMENT 
1st Information Technology 68% 
Highest level of user satisfaction 
and/or influence on the project 
2nd Project Management 62% 
Above average level of user 
satisfaction and/or influence on the 
project 
3rd User Utility 58% Average level of user satisfaction and/or influence on the project 
4th Strategic Positioning  56% 
Low to average level of user 
satisfaction and/or influence on the 
project 
5th Value Adding  55% Low level of user satisfaction and/or influence on the project 
6th Project Organisation 53% 
Low level of user satisfaction and/or 
influence on the project 
7th Benefits 52% Lowest level of user satisfaction and/or influence on the project 
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6 Benchmark Analysis  
6.1 Benchmarking Defined 
 
The word 'benchmark' is a term originally used by land surveyors dating back to 
the construction works of ancient Egyptians, where a distinctive mark is made on 
a rock, building, wall or structure and used as a reference point in determining 
other positions or altitudes within a given line of levels (Webster's New World 
Dictionary, 1956 in Patterson, 1996and Codling, 1992). Today, Bogan and English 
(1994) comment that managers and organisations recognise and use the term 
'benchmark' to gauge the performance of a function, operation, or business 
relative to others.  
 
Boxwell (1994) states that benchmarking is a process of setting goals by using 
objective, external standards and learning from others – learning what and why, 
but more importantly, learning how. Understanding how the companies achieve 
their results is usually more important and valuable than obtaining a more 
quantified result. It can be described as the process of 'studying' a 
company/organisation that may have a similar product, or perform a similar 
process, whether it is in the benchmarking teams industry or not – that is, identify 
and study them and based on what you have learnt, adopt and/or improve 
upon the results.  
 
Benchmarking is 'a continuous, systematic process for evaluating the products, 
services, and work processes of organisations that are recognised as representing 
best practice for the purpose of organisational improvement' (Spendolini, 1992 
and MacNeil, et.al. 1993). 
 
6.2 Why Benchmarking?  
 
In this 'climate of dynamic change', benchmarking provides organisations with a 
focus on the external environment of the organisation, and increasing process 
efficiency. Due to the increase of international competition for domestic markets, 
it has now more than ever, become essential for companies to emphasise quality. 
Patterson (1996) believes that benchmarking is one way to ensure quality and 
effective process control, by measuring and testing standard operational 
procedures against new methods. 
 
Within various industries, the term 'change' is not new, especially in the field of 
technology. Technological change is a progress that feeds on itself to promote 
other advances and is driven to meet customer needs. It is therefore imperative 
that industries are aware of change and advances – within their own and other 
industries – and how it may/will effect/impact on them. Codling (1992) concludes 
that benchmarking promotes a climate for change and/or process of continuous 
improvement that is essential to every organisation. Spendolini (1992) identified 5 
reasons as to why organisations tend to make use of the benchmarking process: 
 
 Strategic Planning: 
Benchmarking is a useful tool in gathering essential information on the 
marketplace and activities of competitors, to help shape a long and short-
term business strategy. 
 Forecasting: 
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Benchmarking provides a source of information regarding business directions 
of key players in the marketplace. 
 New Ideas: 
Benchmarking exposes organisations and individuals to new products, work 
processes, management techniques, etc. 
 Product/Process Comparison: 
Comparing a competitor’s product or service (feature by feature) to a 
company's product or service that is performing the analysis, provides a 
standard of comparison of the organisations. 
 Goal Setting: 
Benchmarking can help organisations establish performance goals in relation 
to identifying state-of-the-art or best practices. 
 
6.3 ORCM Benchmarking Activities  
 
In this section we consider the Case study project, the Dawson’s Highway (West of 
Little Roundstone Creek) against the benchmark project Dawson’s Highway (Bluff 
to Black water). 
 
The case study project, Dawson’s Highway (West of Little Roundstone Creek), 
unlike the other projects considered in the ORCM Benchmarking study, did not 
involve large quantities of data transfer. The participants used the projectCentre 
portal, and limited their correspondence to four (4) main issues, Research Issues, 
Systems Administration, System Project requirements, Project Issues. 
Correspondence actually recorded to the project end, totalled only 133 items.  
 
projectCentre does not log phone calls, or verbally / manually issued SI’s, RFI’s, 
etc. Also, the minutes of meetings were not scrutinized to determine if any other 
specific types of communications could have been included in the analysis for 
this project.   
 
The diagram in Figure 6.3 shows the communication flow paths of this project. The 
number of correspondences types available for use between the parties is shown 
in Figure 6.1. As discussed in section 2 of this report, the project players included; 
the client, Queensland Department of Main Roads (QDMR), primary contractor, 
was a Townsville based company, Penna & Company Pty. Ltd (PNC), CSIRO – QUT 
(ORCM researchers), projectCentre (PC), the IT (web portal) provider.  
 
The benchmark project, Dawson’s Highway (Bluff to Blackwater) was of a similar 
scale and involved Queensland Department of Main Roads (QDMR) Emerald, 
and the primary contractor Fulton Hogan Pty. Ltd., a Brisbane based construction 
firm. This was a traditionally run project, using traditional modes of 
communication, fax, phone, mail etc.  
 
It should be noted that the data from this benchmark project was, like the case 
study project, incomplete, as it only included correspondence from the principals 
(QMR) and the main contractor.   
 
6.4 Use of projectCentre 
 
The projectCentre web site had all documents required available on line, and the 
user needed only to select from the menu the desired form of communication, 
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e.g., RFI. SI, memo, etc, and the item would open; register a new issue number, 
time, distribution list, etc. automatically. The author of correspondence needed 
only to fill in the text of the message, affix any attachment files, amend the 
distribution list as required and proceed to send the communication. Standard 
DMR forms were available on the system to ensure QA procedures were 
maintained. 
 
Compared to the benchmark project, the ORCM project at Emerald logged far 
fewer formal items of communication (total of 133 between all parties) compared 
with over 300 items between the two principal parties alone in the benchmark 
project. The inference from this might have been that the qualities of documents 
for the ORCM project at Emerald were of such quality that they did not require 
further qualification, by way of RFI’s, variations, or EOT’s. Further investigations 
however, have indicated that other communications outside of the 
ProjectCentre system took place, due to a failure of the parties to fully commit to 
the new technology.  
 
As a report on the detailed operation of projectCentre is included elsewhere, we 
will not discuss in detail the use of projectCentre in detail here. Comments 
however pertaining to particular highlights will be raised. For example, of the 
many convenient features of projectCentre, one aspect was that users were 
reminded of outstanding items on their “to do lists” (see Figure 6.2). Once more 
fully conversant with projectCentre, users might check the web site more 
frequently to review such lists, then complete, and close items accordingly. 
Another feature that could be turned on, was email notification when a new item 
was added to their “to do list”. 
 
The data that was collected in the course of the project indicates a slightly better 
result in resolving or closing off of outstanding items as compared to the 
benchmark project.  
 
It should again be noted however that the results are inconclusive at best, since 
all items not communicated through projectCentre were not recorded, and so 
both the number, and the time to resolve such items is thus unknown.  
 
Since the user’s attention was divided between the use of projectCentre and 
conventional methods, one might assume that the results would have been more 
conclusive had projectCentre been used exclusively. 
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Figure 6.1 An Extract From the projectCentre Graphic User Interface – 
Selection of Forms 
 
 
Figure 6.2 projectCentre ‘To Do” List  
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6.5 Communication Flows 
6.5.1 Dawson Highway (West of Little Roundstone Creek) Case Study Project - 
Emerald District 
 
The communications flows can be readily mapped from the communication 
data collected on each project. The number of active participants on this 
particular project was however, quite low (only 12) which is reflected in the size of 
the communications flow chart (Figure 6.3). It should also be noted that a 
significant number of items had no recipient (was left blank), however these 
usually referred to some form of notice which did not require an action. This flow 
chart represents all the communication carried out on the project, with line 
thickness giving an indication of the volume of communication occurring 
between various participants. 
 
The most communication traffic was from Main Roads to the Contractor with 
apparently little or no direct responses. The contractor (PNC code below) did not 
appear to use projectCentre for much of its communications, as there were only 
a few outgoing communications logged on the projectCentre system. Main 
Roads and projectCentre used the system to communicate to almost all the other 
participants and as such, the communication focus of the client (Main Roads) 
does not resemble the more traditional form of contractual reporting. Whilst 
projectCentre did provide a direct link to others, there does not seem to have 
much of a take-up of the available communication channels. 
 
With a lack of commitment to the projectCentre system as the primary method of 
communication on the project and no collection of any other formal 
communication data, it is going to be difficult to indicate any conclusive benefits 
of this form of communication over traditional communication channels. 
 
 
 
Figure 6.3 Communication Flow Path 
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6.5.2 Dawson Highway (Bluff to Blackwater) Traditionally Delivered Benchmark 
Project - Emerald District  
 
The data supplied by the Main Roads Emerald office for this project was limited to 
only incoming and outgoing correspondence between Main Roads (the client) 
and Fulton Hogan Pty. Ltd (the primary contractor). As no other communication 
data was provided, it is felt that there is no point in producing a communication 
flow chart, as it would only show two organisations. 
 
6.6 Limited Key Indicators 
 
The main aim of the data collection in these ORCM projects was to record 
communication flows. It is also considered necessary to concentrate the research 
on those factors that are generated from a poor information flow processes (Tilley 
2000). Tilley suggested that these factors inevitably affect a project’s operational 
and decision making processes and eventuate as rework, RFI’s, SI's and variations. 
The cause, influence and effect that these factors have on a project can then be 
categorised into a variety of key indicators and classification systems. In order to 
determine the validity of these types of indicators, accurate data relating to 
communication regarding the quality of design and documentation, needs to be 
obtained.  
Unfortunately, as the data obtained does not appear to be complete, the 
analysis of these key indicators will be inconclusive. As stated previously, the 
correspondence logged on projectCentre did not represent all of the 
correspondences involving the types of key indicators mentioned above. Since 
the use of projectCentre was not mandatory the comprehensiveness of the data 
is highly questionable. As a consequence, the analysis is somewhat less 
conclusive than it might have otherwise been had projectCentre been used 
exclusively, and comprehensively for the ORCM project at Emerald.  
 
Further, as the data is incomplete, an incomplete set of information clarifications 
is only available. Calculation of the various performance indicators as set out in 
the Methodology document (Tilley 2000) would result in an invalid indicator (ICE) 
(refer Section 6.7 - The Data). 
6.7 The Data 
 
 
Proportionally, the information transferred on projectCentre was mostly related to 
project issues, SI's, RFI's, progress claims, notices, and minutes to meetings. The 
remaining information was related to research issues, (IT) systems administration, 
and system project requirements (QA procedures, standard forms, etc.). See 
Figure 6.4 for the breakdown of Communication Classifications. 
 
As mentioned previously, the data collected in the case study by projectCentre 
was not substantial. Although projectCentre contained all necessary forms / 
documents, the data recorded and subsequently retrieved for assessment in this 
report was not comprehensive. Part of the problem was that the data dump 
provided at the conclusion of the project had to be manually reviewed to 
determine the type of communications transacted. As shown in Figure 6.5 
(below), a great number of general items were listed. Many of these may have 
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been SI's, RFI's, or responses to RFI's, etc, but it could not always be specifically 
determined from the information in the data dump if the communication was an 
RFI, a response to an RFI, SI, etc.  
 
 
Figure 6.4 Communication Classifications – West of Little Roundstone Creek 
 
The nature of projectCentre, however, allows this kind of document filtering, and it 
is likely that the lack of discipline, and the original set up of documents did not 
allow the data to be correctly coded, and consequently the data could not be 
organised sufficiently to extract the desired information for the purposes of the 
research. Suffice to say however it could have been set up to better reflect the 
QA approved practices of QMR, and thus would have been more familiar to the 
users as it would have reflected the system, which they are more used to, and 
thus they would have, in turn, used the system more comprehensively. 
 
In comparison, however there appeared to be a much more even spread and a 
greater number of communication types for the benchmark project. (See Figure 
6.6) 
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Project Issues
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Figure 6.5 Communication Type – West of Little Roundstone Creek 
 
 
 
 
 
Figure 6.6 Communication Type  - Bluff to Blackwater 
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6.8 User Buy-in 
 
As stated earlier the amount of information collected in the ORCM project was 
relatively small. This appears to reflect that the project was either quite simple and 
required little communication, or that not all communications were conducted 
through projectCentre. The latter appears to be the case. In the 2nd ORCM 
questionnaire one of the superintendents comment that some old habits are hard 
to kick, and he found himself faxing rather than communicating via the web.  
 
It is also unknown how accessible the web was, but this too may have been a 
factor in the reluctance of users to fully exploit projectCentre, particularly on site, 
in such a remote location. (See Figure 6.7) 
 
 
 
 
 
 
Figure 6.7 Case Study Project Location 
 
6.9 Data Analysis 
 
The (IT) communication / documentation control system (projectCentre) 
produced the data assessed in this report. 
 
After accessing the web site participants are given options to either send or 
receive documents, read messages, issue drawings, and so on. The system logs all 
transactions’, thus providing an on going record of all proceedings. Also each 
item of correspondence is given a due date so the recipient is able to determine 
the timing of their response.  
 
The response times of correspondences, or the progress of an item from the initial 
communication, until the item was “closed” could be tracked easily. Figure 6.8 
below demonstrates the response times to the communications transacted  
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Figure 6.8 Comparison - Reviewed vs. Resolved Correspondence:  Timing of 
Resolving Issues – (West of Little Roundstone Creek). 
 
It was noted that some items logged particularly long “close” dates (average of 
20.89 days)and seems to be attributed to the inexperience of users. Not being 
practiced with the system it was possible to not properly complete procedures, 
i.e.; not close an item once completed. (See Figure 6.9) 
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Figure 6.9 Comparison - Reviewed vs. Responded: Timing of Resolving Issues 
– (West of Little Roundstone Creek) 
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In spite of this however, on closer examination it appears that of all the issues 
raised, 62% were resolved in 7 days or less, leaving 38% of issues to be resolved in 
greater than 7 days.  
 
As a comparison the benchmark project had a very similar result, as 
demonstrated in Figure 6.10. Approximately 66% of all items were resolved with in 
7 days. However some items with the Benchmark project went on far longer than 
the ORCM project (as much as 230 days, compared to 80 days or so). (See Figure 
6.11)  The key to this with ProjectCentre is the reminder system (the “To-do” list) to 
keep users up to date regarding outstanding issue. 
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Figure 6.10 Comparison - Reviewed vs. Responded Timing of Resolving Issues– 
(Bluff to Blackwater) 
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Figure 6.11 Count of Resolved Issues – (Bluff to Blackwater) 
 
6.10 Information Clarification Extent (ICE) Index 
 
To allow comparisons between different sizes and types of projects, a method to 
assess information clarifications in relation to these two variables was needed. By 
dividing the number of information clarifications by the size and complexity factor 
of a project, we have a method that will allow this comparison.  
 
Initially when considering project size and complexity, the product of final 
contract value and initial project duration was seen as being both simple and 
adequate for the task (Tilley et.al., 1997). Therefore, based on the above, the 
following cost based Information Clarification Extent (ICE1) performance indicator 
was initially proposed to provide a measure of the extent of design and 
documentation process deficiency. 
 
The information we have on both the case study and benchmark projects is 
known to be incomplete, however we have made the following calculations to 
give a comparison of the extent of information deficiency between the projects 
based on the information we have.  
 
The case study project achieved the following result: 
 
Information Clarification Extent (ICE) Evaluation Chart  
 
 
  
DCV
NICE c×=1        Where:     2.741
8
1 ×=ICE  = 0.027 
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Where: Nc = number of information clarification type RFI’s 
 CV = estimated final contract value ($100,000’s) 
 D = initial project duration (months) 
    
The benchmark project achieved the following result: 
 
 
        
DCV
N
ICE c×=1   Where:  2.741
19
1 ×=ICE  = 0.064 
 
 
Therefore: 
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Figure 6.12 Information Clarification Extent (ICE) Evaluation Chart 
 
These figures indicate that the Case Study outperformed the benchmark project. 
It is likely however that with the complete information for the Case Study, the 
difference may have been less. 
 
6.11 Conclusions 
 
The general conclusions are that the outcomes of the ORCM case study project 
at West of Little Roundstone Creek cannot be conclusively / quantifiably 
determined to be attributed to the use of projectCentre. Both the case study and 
the benchmark project were of similar scale, duration and cost. The traditionally 
delivered benchmark project had no outstanding operational differences. The 
design / construction documentation for both projects was similar.  
 
The case study did involve one major difference from the benchmark project, 
being the fact that the construction manager was based in Townsville, with site 
foreman, etc being on site. Certainly distance might add to complexity in 
communications normally. Regardless of communication via the web being 
ORCM 
Benchmark
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convenient, inexpensive, and fast, no matter what the distance between team 
members, it cannot be determined from the data whether the web had any 
influence on the nature of communications between the principals or not.  
 
Comments from participants included in the review of the 2nd ORCM 
Questionnaire (see below) suggest that projectCentre was a very desirable mode 
of communication that coped with the task at hand very well, and left 
participants suggesting that its capabilities were under-utilised in this case. The 
question that arose was the potential the system offered. Inclusions of Web Cam 
access to the site; use of digital images and “movie” files to explain RFI’s, or assist 
in justification of claims, etc. 
 
Regarding the incomplete nature of data from the construction manager in the 
case study project in particular, comments from the Project Manager (QMR) are 
pertinent. 
 
Both projects were of similar scale, complexity, and value. The methods of the 
two construction companies were different in as much as the local firm involved 
in the benchmark project (Fulton Hogan) were more consistent in documenting 
their communications, where as Penna & Company methods favoured resolving 
issues directly, quite often over the phone, on site or via fax. 
 
The comment was made (DMR) that had the ORCM projects been reversed, 
similar amounts of formal correspondence might have resulted regardless. This 
was due to the ‘culture’ of the firms and individuals participating, rather than the 
communication system adopted. This kind of behaviour by participants acts as a 
barrier to a study such as this gaining the complete picture of the project via a 
record of all communications.  
 
On further investigation, 35 other formal pieces of correspondences from QMR to 
Penna & Company were noted. These were not recorded on projectCentre. It 
was not determined as to how many non-recorded pieces of formal 
correspondence came from the construction manager. 
 
Earlier it was noted that the remoteness of the project possibly added to some 
difficulty with respect to web access. However the comment was made that as 
the complexity of the project was low, the need for 24-hour access to the web 
was not required, at least at the construction stage, so access did not hinder use 
of the system in the view of participants. 
 
A comment was also made as to the suitability of this scale and complexity of 
project to test such an On-line remote system. This may or may not be so, but 
what is absolutely clear is that if adopting such a system, it needs to be used 
exclusively, for both consistency of information, and to ensure information is 
distributed formally (as required by the contract) and is distributed to all parties. 
The ease of distribution and access by the project team is uncomplicated, and 
consistent. It is consistent in both method of delivery, and set out of documents / 
information. Problems of legibility and recording of correspondence becomes 
negligible. The ability to produce an electronic form makes the system adaptable 
to any QA system.  
 
There is a definite need to set up a case study with such an on - line system, 
where it is used by all project participants exclusively, and no other form of 
communication is allowed. Legal issues and QA documentation standards in the 
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view of participants do not seem to represent any barrier to future exploitation of 
such a system.  
 
The greatest barrier is the “cultural” habits of the institutions asked to use the 
system. Future projects utilizing will further demonstrate the advantages 
achievable with a system such as projectCentre.  
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7 Cost Benefit Analysis  
7.1 Introduction to Cost Benefit Analysis 
 
IT is a tool for changing or reorganising that usually requires a considerable cash 
investment. The adoption of a new technology brings a new level of risk to an 
organisations activity, whereby the cost involved in the implementation of 
new/alternate IT system is sometimes assumed to be absorbed into the ongoing 
expenses and benefits – that is, the assumption that the benefits justify the 
incurred costs, which is far from the truth.  
 
A high investment in IT consequently represents the highest ongoing capital 
expenditure in a company and senior management are, in many cases, 
unconvinced that their investment in IT has proven economically successful. 
Evaluation of the significant/potential 'claims' made on an IT resource is essential 
to help senior management prioritise various IT projects – that is, economical 
justification (cost benefit analysis) of an IT investment (Remenyi, et.al., 1998).  
 
 
7.2 Why a Cost Benefit Analysis? 
 
Interest in the evaluation of IT in construction companies has increased over 
recent years, resulting in various practitioners and/or managers within the 
construction industry asking the question: why evaluate IT? The evaluation of IT is 
usually a difficult and sometimes costly process, which has to be made clear to 
everyone within the organisation, as to why there is a need for this process to be 
undertaken and can be undertaken for something as simple as the need to justify 
the replacing of a faulty/damaged keyboard or mouse for a computer. (Cost 
Benefit Analysis Guide for NIH Projects (1999), Remenyi, et.al., 1998) 
 
The CBA should match with the size, complexity and cost of the proposed project 
- i.e. managers need to decide the level of analysis necessary to ensure resources 
are effectively allocated to support this task. Once this has been achieved, the 
CBA can provide the following benefits:  
 
 
• Provide a Business Case: 
Presenting an argument expressed in monetary value where the values are 
measured in savings, social benefits and reductions in future costs – that is, 
providing a basis for an informed decision to improve performance and 
comparison with other similarly assessed proposals. 
 
• Presents a Funding Plan: 
Due to most projects needing funding, CBA's identify the organisation’s 
benefits and provides a basis to distribute the projects costs equitably among 
the individual beneficiaries. 
 
• Marketing an Idea: 
Many projects do not pass the funding stage because of insufficient objective 
cases put forward to senior management demonstrating investment returns. 
CBA's can help turn an idea into reality. 
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• Evaluate Success: 
CBA's can be used to evaluate the true overall value of a project – that is 
actual costs and benefits after the event (Fricker, 2000, Introduction to Cost 
Benefit Analysis for Program Managers, 1995). 
 
7.3 ORCM Cost Benefit Analysis Activities 
 
The only additional direct costs incurred were the cost of operating 
projectCentre. These costs included: 
• Site computer 
• Internet connection 
• projectCentre costs 
 
While the Internet connection and electronic communication costs were 
additional costs, there was some reduction in the use of telephone and fax but 
this was not measured. From comments made, it would appear that the 
reduction was minimal due to old habits still being strong despite the capability of 
electronic communication to replace most of the faxes and telephone calls. 
 
The noted benefits such as sending copies of correspondence to a large number 
of people simultaneously and not having to check on difficult to read hand 
writing or poor copies are difficult to cost as benefit. The improved accuracy of 
information raises the quality of the information and should have a spin off in a 
better result even if it just reduces uncertainties. Again these benefits are difficult 
to estimate but do appear to have been noted by the participants in their 
approval of projectCentre as an improvement in project communication. 
 
The implementation costs were minimal in relation to the cost of the project. The 
concern was more with getting appropriate and reliable Internet access rather 
than the cost of doing so. Any time saved through use of the system was easily 
lost on learning how to use the system but such “costs” would decline with 
practice and familiarity with the system. 
 
Any cost-benefit analysis is of little consequence unless all participants in the 
project used the system as their main communication channel. 
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8 Process Improvement  
 
ORCM Researchers implemented the 2nd ORCM Questionnaire on all ORCM Case 
Study Projects.  
 
The QUT researchers associated with the ORCM project received permission to 
use and modify the original fifteen (15) questions (circulated amongst certain 
Main Roads/ORCM Case Study Projects) from Dr David Thorpe (ORCM 
Committee Member, Capability and Delivery Division, Queensland Department of 
Main Roads).  
 
 
8.1 ORCM 2nd Questionnaire 
 
Research and analysis was required of a more 'qualitative' or descriptive nature 
with regard to the level of 'impact' the various ORCM Case Study project 
participants perceived the implementation of an IT tool and/or communication 
system's had on projects.  
 
Project participants and or users of projectCentre (including projectCentre 
administrators) were asked to respond to the following 15 questions to help 
determine/evaluate (from the end users perspective) projectCentre's 
strengths/weakness; advantage/disadvantage; success/failures; areas for 
improvement; process and/or implementation gaps; future recommendations; 
etc: 
 
1. What has gone well with the use of projectCentre in this project? 
2. What has not gone so well? 
3. What problems have you had with implementing and using 
projectCentre? 
4. How have the above problems been addressed? 
5. Has the use of projectCentre improved communications in the contract? 
6. How have you and/or your organisation overcome administrative and 
legal issues associated with using electronic as opposed to traditional 
methods of communication? 
7. What types of communication are most suited to a projectCentre 
process? 
8. What types of communication would you recommend that one should 
not use a projectCentre process for? 
9. Has projectCentre improved efficiency on the project? 
10. Has projectCentre assisted relationships on the project? 
11. Would you recommend the use of projectCentre on future construction 
projects? 
12. Would projectCentre be useful for pre-construction or maintenance 
activities? 
13. If so, how? 
14. What should one do to more effectively use projectCentre? 
15. Kindly include any additional comments, recommendations, etc. that you 
may have regarding the implementation of projectCentre 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part C: Case Study Report: Emerald 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 47 
8.2 ORCM Implementation of the 2nd ORCM Questionnaire 
 
The following project participants from the Dawson Highway (West of Little 
Roundstone Creek) Case Study Project - refer 2: Dawson Highway (West of Little 
Roundstone Creek) Case Study Project - Emerald District  - who made use of 
projectCentre (refer 3.1: projectCentre) to generate, receive, store and/or 
disseminate all project related documentation, information and/or 
communication, completed the 2nd ORCM Questionnaire: 
 
• Superintendent 
• Superintendent Representative 
• projectCentre Support 
 
Unfortunately the Contractor was unavailable to complete the 2nd ORCM 
Questionnaire. 
 
8.3 Identified Gaps to Process  
 
With the use of the 2nd ORCM Questionnaire, ORCM Researchers were able 
determine or identify certain 'qualitative' problems, issues, limitation or process 
gaps experienced during the implementation and use of projectCentre on the 
Dawson Highway (West of Little Roundstone Creek) Case Study Project.  
 
8.3.1 Responses to 2nd ORCM Questionnaire  
 
Below are project participant responses/quotations pertaining to the 15 questions 
in the 2nd ORCM Questionnaire as well as a record of any additional comments, 
suggestions and/or recommendations they had regarding the implementation of 
projectCentre on the Dawson Highway (West of Little Roundstone Creek) Case 
Study Project. 
 
1. What has gone well with the use of projectCentre in this project? 
 
• Superintendent's response: 
 
• "There was nothing particularly wrong with projectCentre" 
 
• The Superintendent Representative replied: 
 
• "The use of projectCentre was advantageous with regards to the 
paper warfare scenario" 
• "Getting on the net, typing correspondence to a whole range of 
people is a big plus"   
• "I believe projectCentre will be used by a lot of people" 
• "In Future we [QMDR - Emerald District] plan to use this form of 
communication more extensively on sites" 
• "Being able to send and receive information electronically speeded 
up the whole process"   
• "Everyone’s got access, so you can speak to everyone at the same 
time"   
 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part C: Case Study Report: Emerald 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 48 
2. What has not gone so well? 
 
• Superintendent's response: 
 
• "We [QDMR - Emerald District] found that the system [projectCentre] 
just didn’t get used enough by those involved on the project" 
• "I suppose to some extent it may just be old habits - using something 
that we already know, because it is easier - we do not have to learn 
anything new - e.g. if I am in a hurry and I need to send something to 
the contractor, I will simply send him a fax"   
• "Because for 90% of my job, that is what I ended up doing [sending 
faxes] " 
• "I do not hate using it [projectCentre], I just find it quicker to pick up a 
memo pad and write it out by hand - rather than type it up on the 
computer" 
 
• The Superintendent Representative replied: 
 
• "I think it may be a cultural issue" 
• "The inspectors did not use it at all because the original young and 
computer literate inspector was replaced with a computer illiterate 
inspector that was in his late 50’s who had his set ways of doing things" 
 
3. What problems have you had with implementing and using projectCentre? 
 
• Superintendent's response: 
 
• "There were problems with implementation because there were no 
real reason as to why we should or should not be using this system" 
• "On this job we had the option of either traditional or projectCentre 
communications"   
• "To make it [implementation] more effective I suggest one makes 
projectCentre the only option [communication tool] that you have on 
a project"  
• "If people have the other traditional options [communication tools] 
available to them they will use it more because they are used to them"   
• "The other problem is that if you have 9 or 10 other Main Roads 
contracts running at the same time - with only 1 running on this system 
[projectCentre] and the other 9 not [traditional] - then one tends to 
use the traditional forms of communication processes and systems 
used on the majority of projects" 
 
• The Superintendent Representative replied: 
 
• "I don’t see too many problems with implementing the system"  
• "I think that comes down to the willingness of the contractor to use this 
system [projectCentre] - with minimum fuss"   
• "He [Contractor] accepted using projectCentre as a communication 
tool for this project"   
• "As long as the contractor has got the correct staff, Internet access 
and all the rest to run it"  
• "It’s much quicker than having to run back and forth to get the mail" 
• "Certainly contractually there will have to be something stating 
whether one has to use the system [projectCentre] or not"   
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4. How have the above problems been addressed? 
 
• Superintendent's response: 
 
• "The problems are still a long way from being solved" 
• "What happens if you press the button and at the very same time the 
connection goes down, that sort of thing?" 
• "We need to know that these issues are well and truly tied up before 
we use it [projectCentre] - that’s the only way we are going to agree 
to do it"   
• "If every person knew how to use the system [projectCentre], you 
would not have to constantly dictate the use of it" 
 
• The Superintendent Representative replied: 
 
• "Any problems that may have occurred, Abramo Papp [ORCM 
Committee Member & projectCentre Support] took care of"   
 
5. Has the use of projectCentre improved communications in the contract? 
 
Neutral/Don't 
Know
33%
Yes
34%
No
33%
 
Figure 8.1 2nd ORCM Questionnaire - Question 5 Response Rate 
 
The response rates (%) in Figure 8.1 are determined by the following Dawson 
Highway (West of Little Roundstone Creek) Case Study project participant 
responses:   
 
• Superintendent's response: 
 
• "Not really" 
 
• The Superintendent Representative replied: 
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• "Yes" 
• "Not just the speed of communication but relationships too" 
• "Probably one of the better communication tools that we have used"   
 
 
For comparison purposes only, Figure 8.2 shows the combined/average result 
(%) calculated from the responses provided by project participants and/or 
users of the same or similar IT tools and/or communication systems 
implemented on the other 4 ORCM case study projects (excluding Dawson 
Highway) for question 5 of the 2nd ORCM Questionnaire. 
No
33%
Neutral/Don't 
Know
22%
Yes
45%
 
Figure 8.2 2nd ORCM Questionnaire - Combined Results of 4 ORCM Case 
Study Projects for Question 5 
 
6. How have you and/or your organisation overcome administrative and legal 
issues associated with using electronic as opposed to traditional methods of 
communication? 
 
• Superintendent's response: 
 
• "We find that the legal issues are getting more recognised with 
electronic transactions"   
• "It will also be more recognised once the Electronic Transactions Bill is 
in place"   
• "Once that happens it [electronic transactions] will be a much stronger 
lead" 
• "At the moment we [QDMR - Emerald District] steer away from 
anything that could have a public liability issue - so if an electronic 
only transaction has been made, we may have to have a paper copy 
as well"   
• "Courts are only now coming to accept electronic only 
correspondences"  
• "I think it [legal electronic communications/transactions] can work, but 
while we have other options, we are just not prepared to use it" 
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• The Superintendent Representative replied: 
 
• "In the early stages of the project I drafted a letter to David 
[Contractor] stating the conditions we needed to agree upon"  
• "One of those was workstation security"  
• "There were other conditions in my letter regarding electronic 
correspondence, where anything with a possible legal backlash will 
have to be converted into hard [paper] copy"   
• "Issues such as publication, electronic security and signatures are 
things that still need to be worked on" 
 
7. What types of communication are most suited to a projectCentre process? 
 
• Superintendent's response: 
 
• "Communication between the Contractor's office in Townsville and 
QDMR went reasonably well" 
 
• The Superintendent Representative replied: 
 
• "We successfully attempted to review an mp file attachment on this 
project"   
• "When a contractor does work that’s excessive in quantity and asked 
to prove what quantities were carried out, that’s where projectCentre 
could be used best"  
• "With today’s technology, we will be able to access information 
through the use of web cams more easily"   
• "The general public area and notice board is great from an external 
[public] point of view"   
• "Externally, it’s really the general public that wants to see what’s going 
on" 
 
• projectCentre's Administrator responded: 
 
• "All forms of communications that are currently using e-mail, facsimile 
and letters" 
• "Drawing transmittals - if sites have sufficient bandwidth for the size and 
number of files"  
• "If bandwidth is limiting - projectCentre's document register can still be 
used to track the issue of documents and print the transmittal forms to 
accompany couriered documents" 
• "projectCentre is now linked to a printing Bureau, so all printing and 
distribution of documents can be carried out on line" 
 
8. What types of communication would you recommend that one should not use 
a projectCentre process for? 
 
• Superintendent's response: 
 
• "Don't know" 
 
• The Superintendent Representative replied: 
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• "We didn’t use drawings because we were passed that stage of the 
project when projectCentre was implemented" 
• "Certainly from a management and administrative side - I don’t think 
too many areas of projectCentre are not useful" 
• "Unfortunately 'the old school' of managers and inspectors are not 
computer literate enough"  
• "projectCentre is not a useful tool to use if your people (perhaps of the 
old school) are not trained, or are not likely to (or want) be trained"  
• "We have a cultural issue that could impact upon the usefulness of the 
system, so apart from the wider range of things, this needs to change" 
• "I don’t see projectCentre really being used by the inspectors"   
• "There are times to use electronic communication and times just to 
take out your notebook and write: this is what I want you to do…"   
• "I think it is important to state that not all Web-based communication 
tools can be effective on site" 
 
• projectCentre's Administrator responded: 
 
• "With the present Internet infrastructure in Australia and regional areas, 
CAD files and drawings are generally too large for efficient 
transmission over the Internet" 
 
9. Has projectCentre improved efficiency on the project? 
Yes
34%
Neutral/Don't 
Know
33%
No
33%
 
Figure 8.3 2nd ORCM Questionnaire - Question 9 Response Rate 
 
The response rates (%) in Figure 8.3 are determined by the following Dawson 
Highway (West of Little Roundstone Creek) Case Study project participant 
responses:   
 
• Superintendent's response: 
 
• "No" 
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• "To make it more effective one has to make projectCentre the only 
option [communication medium]"  
• "If people have the other traditional forms of communication made 
available to them, they will use it more because they are used to it" 
 
• The Superintendent Representative replied: 
 
• "Yes" 
• "Everything is all in one place"  
• "I don’t have four or five folders for each project full of paper work"   
• "Although, there are certain confidential documents or paperwork 
that you can’t have on projectCentre"   
 
For comparison purposes only, Figure 8.4 shows the combined/average result 
(%) calculated from the responses provided by project participants and/or 
users of the same or similar IT tools and/or communication systems 
implemented on the other 4 ORCM case study projects (excluding Dawson 
Highway) for question 9 of the 2nd ORCM Questionnaire.  
No
38%
Yes
33%
Neutral/Don't 
Know
29%
 
Figure 8.4 2nd ORCM Questionnaire - Combined Results of 4 ORCM Case 
Study Projects for Question 9 
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10. Has projectCentre assisted relationships on the project? 
Neutral/Don't 
Know
0%
Yes
33%
No
67%
 
Figure 8.5 2nd ORCM Questionnaire - Question 10 Response Rate 
 
The response rates (%) in Figure 8.5 are determined by the following Dawson 
Highway (West of Little Roundstone Creek) Case Study project participant 
responses:   
 
• Superintendent's response: 
 
• "No"  
 
• The Superintendent Representative replied: 
 
• "It is difficult to say because in this case there was an existing and 
good relationship between ourselves [QDMR - Emerald District] and 
the Contractor"  
• "It would be different if projectCentre was implemented on a project 
where relationships were not so good.  
• "The only thing that may be worth mentioning is that if relationships 
were not so good on this project we would not accept projectCentre 
as a trial site" 
• "It doesn’t matter too much about the system [projectCentre], but 
more in trying to get along and including all those involved in using it 
[projectCentre] on the project"   
• "Obviously better existing or new relationships on a project means 
better willingness and commitment to cooperate" 
 
• projectCentre's Administrator responded: 
 
• "Yes because of the project environment provided by projectCentre"  
• "Project roles can be more clearly defined and implemented 
systematically" 
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For comparison purposes only, Figure 8.6 shows the combined/average result 
(%) calculated from the responses provided by project participants and/or 
users of the same or similar IT tools and/or communication systems 
implemented on the other 4 ORCM case study projects (excluding Dawson 
Highway) for question 10 of the 2nd ORCM QuestionnaireError! Reference 
source not found..  
Neutral/Don't 
Know
0%
No
56%
Yes
44%
 
Figure 8.6 2nd ORCM Questionnaire - Combined Results of 4 ORCM Case 
Study Projects for Question 10 
 
11. Would you recommend the use of projectCentre on future construction 
projects? 
No/Neutral/Don't 
Know
0%
Yes
100%
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Figure 8.7 2nd ORCM Questionnaire - Question 11 Response Rate 
 
The response rates (%) in Figure 8.7 are determined by the following Dawson 
Highway (West of Little Roundstone Creek) Case Study project participant 
responses:   
 
• Superintendent's response: 
 
• "Yes"  
 
• The Superintendent Representative replied: 
 
• "Yes, but It depends on the: scope of the works; total bottom cost of 
the project (including administrative and principal costs); contract 
value; and certainly location of the project and its team"   
• "Obviously if the site is down the road or around the corner from me 
and it's not a hassle for me to get on site, then one would tend to use it 
[projectCentre] less than if the Contractor was in a remote location"   
• "I would probably recommend it [projectCentre] on a project that is a 
lot more complex with a number of different users"   
• "It [using projectCentre on future projects] does depend on what we 
are going to do on a project and who is involved" 
 
• projectCentre's Administrator responded: 
 
• "Yes"  
 
For comparison purposes only, Figure 8.8 shows the combined/average result 
(%) calculated from the responses provided by project participants and/or 
users of the same or similar IT tools and/or communication systems 
implemented on the other 4 ORCM case study projects (excluding Dawson 
Highway) for question 11 of the 2nd ORCM Questionnaire.  
Yes
96%
No
0%
Neutral/Don't 
Know
4%
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Figure 8.8 2nd ORCM Questionnaire - Combined Results of 4 ORCM Case 
Study Projects for Question 11 
 
 
12. Would projectCentre be useful for pre-construction or maintenance activities? 
Yes
100%
No/Neutral/Don't 
Know
0%
 
Figure 8.9 2nd ORCM Questionnaire - Question 12 Response Rate 
 
The response rates (%) in Figure 8.9 are determined by the following Dawson 
Highway (West of Little Roundstone Creek) Case Study project participant 
responses:   
 
• Superintendent's response: 
 
• "Yes"  
 
• The Superintendent Representative replied: 
 
• "Yes, I think you could certainly trial it on pre-construction activities"  
 
• projectCentre's Administrator responded: 
 
• "Yes" 
• "projectCentre is being used in the design phases of a number of other 
projects"  
• "It would also provide a suitable environment for facilities 
management, because it provides a central accurate record of all 
data associated with the project during design & construction and 
thereafter to maintain 'as-built' and 'as-maintained' data for the life of 
the project" 
 
For comparison purposes only, Figure 8.10 shows the combined/average result 
(%) calculated from the responses provided by project participants and/or 
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users of the same or similar IT tools and/or communication systems 
implemented on the other 4 ORCM case study projects (excluding Dawson 
Highway) for question 12 of the 2nd ORCM Questionnaire.  
 
Yes
77%
No
6%
Neutral/Don't 
Know
17%
 
Figure 8.10 2nd ORCM Questionnaire - Combined Results of 4 ORCM Case 
Study Projects for Question 12 
 
 
13. If so, how? 
 
• Superintendent's response: 
 
• "For it [using projectCentre for pre-construction or maintenance 
activities] to be useful in pre construction you must be able to transfer 
all your drawings and other project related data"    
• "NSW [New South Wales] Public Services have a trial version of viewing 
projects, mainly building projects, where the public accesses the pre-
construction designs or drawings of a project through there website, 
and you can visit every room and comment on it"   
• "From a planning level, I think it [use of projectCentre for pre-
construction or maintenance activities] needs to be linked to the Main 
Roads website for monitoring" 
 
• The Superintendent Representative replied: 
 
• "The ability of taking photos is pretty important"   
• "This district's [Emerald District] maintenance contract ranges from 
$200,000 through to a million dollars"  
• "Yet, to give you an idea as to how we compare against other districts, 
we have maybe only 1200 vehicles on the Capricorn Highway 
compared to around 60 000 on the Bruce highway at Burpengary"   
• "Therefore I would see more scope for online maintenance in the 
South-East corner shire where there is a lot of money to spend on 
maintenance activities" 
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• projectCentre's Administrator responded: 
 
• "Facilities managers could make use of the following projectCentre 
modules: 
o The Calendar: to record scheduled maintenance work; lease 
periods 
o Contacts: to manage service & maintenance personal; tenants; 
suppliers etc 
o Correspondence: to manage correspondence with Contacts 
o Drawing Register: to store and maintain “as-built” drawings 
o Budgets: to record annual budgets and expenditures 
o Notices: to notify tenants regarding building maintenance & other 
activities 
o Meetings: to arrange tenant’s meetings, other meetings"  
• "This data is also easily accessible globally" 
 
14. What should one do to more effectively use projectCentre? 
 
• Superintendent's response: 
 
• "Something where one can click on the drawing file to enable one to 
view it in projectCentre" 
• "Then you can download all or only certain sections of a drawing, 
therefore you don’t have to attach or print out the whole drawing.  
• "One needs to iron out all the problems as well as perfect the 
capabilities, tools and functions of the various electronic 
communication systems before you worry about communication 
processes"   
• "When you get them right, only then can you start looking at successful 
and more permanent implementation"  
• "Complete developing the system [projectCentre] before forcing us to 
use it.  
• "To be quite honest, it [projectCentre] is not transferring data any 
faster than faxes or email"   
• "It would be very good for projects to have a common database but 
currently there are other ways of doing that without something like 
projectCentre" 
 
• The Superintendent Representative replied: 
 
• "Training is an obvious one"   
• "Particularly with a new system, we need to know exactly how it is 
going to benefit the user"   
• "On future projects, we could have Abramo Papp [ORCM Committee 
Member & projectCentre Support] sit down with us and go through 
how projectCentre will be used and what level of authority/access 
people are going to have"   
• "We need to have the training or else people will not use it" 
• "One way would be to have the training at the very start of the project 
- a month before the project starts on site, and then maybe once a 
month when everyone gets together talking about the project"   
• "One of the agenda items should be the ORCM, talking about its use 
and if there are any problems"   
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• "This has to be done with everyone, including the contractor"   
• "Having two or more training sessions early on in the project, with a 
couple of follow up sessions thereafter, would certainly get more use 
out of it – especially on large projects"   
• "People seem a bit reluctant to use something in which they haven’t 
been trained"   
 
• projectCentre's Administrator responded: 
 
• "Planning the project’s configuration on projectCentre, i.e.: defining 
document types, proformas, communication channels, etc." 
• "Adequate user training in projectCentre and how to use it in current 
projects" 
 
15. Kindly include any additional comments, recommendations, etc. that you 
may have regarding the implementation of projectCentre 
 
• Superintendent's response: 
 
No Comment 
 
• The Superintendent Representative replied: 
 
• "projectCentre is user friendly because you can click on a link and you 
open up a document but you can never fully open the window your 
in"   
• "I spoke to David [Contractor] about it and he suggested that instead 
of having vertical screens you have horizontal screens - then you have 
the full width of your page and you just scroll down"   
• "As a public information tool we need to tell the public certain 
information - maybe a link to the Main Roads junction or Main Roads 
web page would be good - because if a person jumps in his or her car 
and wants to drive to Brisbane, but there is a big job on the Bruce 
Highway, they don’t know that they can go to projectCentre site to 
look at traffic conditions" 
• "There should be a link to the project and projectCentre from the Main 
Roads website"   
• "That’s why no one is visiting the projectCentre site"   
• "We need to tell the people [public] that the information is there" 
 
• projectCentre's Administrator responded: 
 
• "Since the beginning of the ORCM project, projectCentre has been 
considerably enhanced, moving from Release 2.0 back in late 1999 to 
the current Release 8.0"  
• "Many of the later features have not been available to the ORCM 
project participants" 
• "The construction industry within this time period has also become 
more aware of this type of technology, and is adopting the 
implementation of projectCentre on numerous projects throughout 
Australia and even in New Zealand" 
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Please note: 
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8.4 Recommendations for Improvement  
 
The Emerald project participants interviewed suggest the following issues need to 
be addressed to help ensure the successful implementation of IT tools, email 
and/or Web-based communication systems and processes on remote 
construction projects: 
 
• All project participants and stakeholders need to be fully committed to using 
the new IT tool or communication system, with “buy in” at the highest level 
within the participating companies involved. 
• The project manager should be the 'driver' of IT uptake for the project as 
“Project Centre just did not get used enough by those involved” probably 
because Project Centre was made optional not mandatory. 
• Training and system support are a must, including regular onsite 
demonstrations of the proposed IT tool or communication system are required 
to give time for people to gain expertise and become comfortable with new 
systems a they often “find it quicker to write a memo by hand and fax it”. 
• Main Roads contracts should make it a condition of contract to use the same 
system throughout to gain familiarity and acceptance of systems such as 
Project Centre. Over time there will develop a corporate knowledge which 
results in there always being someone nearby who can be asked to help sort 
out any simple problems. 
• Access to a 24-hour telephonic and online 'Help Desk' is essential. 
• IT tool or communication system / process developers need to provide free 
access to ‘downloadable’ and compatible ‘readers’ and/ or ‘plug-ins’ for 
common access to data. 
• Legal issues need to be clarified – “if an electronic only transaction has been 
made, we have to have a paper copy as well”. 
• Concerns about security of information need to be resolved and guidelines 
prepared – “Issues such as publication, electronic security and signatures are 
things that still need to be worked on”. 
• Sufficient bandwidth needs to be made available so that transmittal of 
drawings, photographs and movies can be quickly sent as easily as a simple 
e-mail. 
• Additionally, IT tool or communication system/process developers need to 
keep the following in mind when developing, testing and implementing new IT 
products, process' or communication tools or system for the construction 
industry and its stakeholders: 
• Provide a clear and upfront indication (with company senior 
management backing and approval) of the new/proposed IT tool or 
communication systems capabilities and function on a project. 
• Test and trial the IT tool or communication system/process on a number of 
different projects prior to final (compulsory/committed) implementation 
on remote projects. 
• The capabilities and/or functionality has to be compatible with most other 
IT products and/or systems used in the industry – potentially saving overall 
project time, cost, labour, errors, etc. 
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9 Best Practice 
9.1 Critical Success Factors  
 
Critical success factors as identified in this project were: 
• IT implementations must create a feeling of trust (reliability, relevance etc) to 
the potential user. 
• Both client and contractor want to learn only one system for ease of use, 
understanding of its capabilities, etc so commonality of access, features and 
data entry is most important. Either there is one industry/client wide system or 
there is a common user interface. 
• The quality and accuracy of any project related communication or 
information (electronic or paper based) is still directly dependant on the user 
of the IT tool and/or creator of that piece of information or correspondence. 
• Training and system support are a must, including regular onsite 
demonstrations of the proposed IT tool or communication system are required. 
Training in use of the IT system is essential to be able to identify or be aware of 
potential errors generated by others in providing the information, i.e. there 
must be understanding of what the system is capable of doing and any IT 
implementation must not be a “black box” of information processing. 
• The user is a key factor in gaining advantage from an IT system - taking only 
the type or potential advantages of a newly developed IT tool or Web based 
communication system into consideration, is not enough when implementing 
IT on any remote project site; users needs must be a prime focus. 
• Whilst developing a new product, the end users must be involved from the 
beginning - Design for the construction industry - by the construction industry. 
• All project participants and stakeholders need to be fully committed to using 
the new IT tool or communication system, with “buy in” at the highest level 
within the participating companies involved. The project Superintendent (or 
equivalent) should be the driver of IT uptake for a project.  
• Access to a 24-hour telephonic and online 'Help Desk' is essential. 
• Free access to downloadable and compatible readers and/ or ‘plug-ins’ for 
common access to data must be provided by IT tool or communication 
system / process developers. 
• The capabilities and/or functionality have to be compatible with most other IT 
products and/or systems used in the industry – potentially saving overall 
project time, cost, labour, errors, etc. 
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1 Introduction 
 
The Online Remote Construction Management (ORCM) project is a collaborative 
research project funded and supported by a number of industry, government 
and university based project partners. In general, the ORCM project aims to 
develop, trial and/or evaluate communications systems, which will allow 
collaborative design and construction to be undertaken between members of a 
geographically dispersed construction project consortium.  Utilising sophisticated 
computing functionality together with advanced communications technology, 
such systems should substantially enhance the capacity of design and 
construction professional and trades personnel to improve the two-way flow of 
accurate, appropriate and timely information within and between central offices 
and project sites; to improve industry efficiency and competitiveness; to lower the 
effective cost of design and construction; and to improve the communication 
and working relationships of all parties. 
 
This report has been prepared to by the ORCM Research Team for reporting 
analysis results from the Christensens Road State School Case Study Project at 
Dundowran (South of Hervey Bay) Queensland, Australia.  Under the various 
ORCM Partner Agreements, the ORCM Research Team is required to report on 
the results of individual case study projects as well as provide a consolidated 
project report at the conclusion of the ORCM project.  
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2 Christensens Road State School - Case Study Project  
 
 
 
Figure 2-1: Christensens Road State School - Case Study Project  
 
Under the Queensland University of Technology (QUT) and Queensland 
Department of Public Works (QDPW) Partner Agreement, Project Services 
Queensland has identified the Christensens Road State School project as a truly 
'remote' Online Remote Construction Management (ORCM) case study project 
(Figure 2-1).  The project was completed in January 2000, with the full support of 
the client (Education Queensland) and contractor for the project’s use as an 
ORCM case study project. 
 
2.1 Data Collection Activities 
 
Research activities, promoting an in-depth investigation into the Christensens 
Road State School Case Study Project, concentrated on collecting and 
classifying various communication data originating from, or directed to and/or 
through the various project participants - i.e. Principal, Superintendent and 
representative, Contractor, consultants, subcontractors and their suppliers.  
 
2.1.1 Site Visits 
 
Due to Christensens Road State School Case Study project participants using 
eProject (Section 3) for the majority of their project related documentation and 
communication, only one visit to the site office was required by ORCM 
Researchers towards the end of the project (December 1999).  During the visit 
ORCM Researchers undertook an informal interview with the project's 
Superintendent (Project Services - QDPW). 
 
2.1.2 Collection of Data 
 
Christensens Road State School Case Study project data was collected regularly 
through the use of eProject, from the date construction commenced in June 
1999, until its completion in January 2000.  Project data was collected in a 
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systematic manner thereby ensuring no data was overlooked.  Typically, contract 
documentation such as tendering information was excluded, as the ORCM 
Research Team believe that the contractual process of the project could not be 
influenced.   
 
2.2 Project Description 
 
The Christensens Road State School project has been constructed at Dundowran 
(south of Hervey Bay) with the construction management activities being 
undertaken through the QDPW and Project Services eProject system.  A general 
description of the Christensens Road State School Case Study Project's statistics is 
as follows: 
 
• Client    : Education Queensland 
• Value at completion  : $ 4.8 million 
• Project description  :  Construction of a new state school at  
Dundowran South of Hervey Bay   
(Christensens Road State School) 
• Delivery system  :  Traditional 
• Contract time   :  30 weeks 
• Completion date  :  January 2000 
• Primary Consultant  :  Project Services, QDPW  
• Information Technology  : eProject 
 
2.2.1 Christensens Road State School Case Study Project Organisation Structure 
 
The Christensens Road State School Case Study ‘project team’ and/or users of 
eProject, consisted of the Client Representative (Education Queensland), End 
User Representative, Project Director, Superintendent and Project Manager 
(Project Services) the Contractor (Evans Harch Pty Ltd) and various Consultants 
and Sub-Consultants/Contractors.  Figure 2-2 provides an outline of the 
Christensens Road State School Case Study Project's organisational, 
communication and contractual reporting structures. 
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 Client Representative 
(Education Queensland) 
Contractor 
(Evans Harch Pty Ltd) 
End User Rep. 
(Education Queensland)
Superintendent 
(Project Services) 
Project Director 
(Brown & Root) 
Project Manager 
(Project Services) 
Principal 
Consultants 
(Project Services) 
Secondary 
Consultants 
(Project Services) 
Sub-Contractors 
(Various) 
KEY: 
 
Reporting 
 
Direct Communication 
 
Figure 2-2: Christensens Road State School Case Study Project – 
Organisational, Communication and Contractual Flow Diagram 
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3 Information Technology (IT) Utilised 
3.1 eProject 
 
QDPW’s eProject was being used as the IT medium for project communications 
and document control throughout the various phases of the Christensens Road 
State School Case Study Project. Research activities on this project began by 
concentrating on collecting and classifying the communication data.   
 
 “eProject” is an Internet-based project management system developed and 
implemented by Project Services, a commercialised business unit of QDPW. 
eProject has six main parts to it, which are all electronically linked: 
• Client briefing: Once the project team is established and given the 
appropriate access to the Project Services systems, the client brief is 
created on a computer and emailed to Project Services to be stored 
electronically.  Any members of the project team or other interested 
parties with approved security access can view the brief.  The latest 
and most up-to-date brief is the only one available on the system. 
• Design and documentation: As communication is electronic (no 
paper documents), documents can only advance through edit, 
review, issue and tender stage with the appropriate authorisation of 
the board.  Members of the same discipline team (such as 
architects) can only view a document in the edit stage. Once the 
document has left the edit stage, all members of the project team 
as well as other authorised people can view it. 
• Tender box: Once the documents are created, a pre-selected list of 
contractors has the necessary access and information to begin 
pricing work so that the tender period is virtually eliminated.  
Questions and queries are addressed throughout the 
documentation period.  The tender and even prices are securely 
lodged electronically.  The system complies with the appropriate 
Australian standard code of tendering and even addresses the 
possibility of bids arriving late due to systems failure. 
• Document viewing and publication: Clients wishing to access and/or 
view documentation can do so using only one of the following 
software plug-ins – i.e. Structure Format or Computer Graphics 
Metafile - freely available from the web. In the paper-based system, 
sections and details of a building are shown on two separate 
drawings. eProject eliminates this duplication and uses layering to 
include the same drawing for both.  To view details, the relevant part 
of the document is magnified and the appropriate notes are 
displayed.  Efficient and environmentally responsible, eProject has 
the potential to substantially reduce the number of drawings for a 
project.  Specifications, graphics and construction photographs are 
stored and viewed in the same way. 
• Contract administration: All correspondence is handled via e-mail 
with the master file kept on Project Services’ server and is accessible 
through the project web site - no need for excessive paper files.  
With eProject, document transmission takes just minutes and there is 
no loss of quality, no matter where in the word it is sent. 
• Facilities Management (ePlan Room): Once the project is 
completed, all documentation of plans must be securely kept for 
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future reference. eProject archives the entire file in the ‘electronic 
plan room’.  It is immediately accessible 24 hours a day, 7 days a 
week to any one with approved access.  There is no loss of quality or 
integrity with additions and alterations automatically updated. 
 
A graphical representation of the eProject structure is shown in Figure 3-1, which 
highlights how eProject is proposed to be implemented.  
 
 
Figure 3-1: The eProject structure 
 
For more information on the eProject system, visit the following Web site: 
http://eproject.projectservices.qld.gov.au/. Further information is also available in 
the Online Remote Construction Management – Technology Review (Crawford, 
et al. 2000). 
 
3.2 Online Remote Construction Management (ORCM) Technology Review 
 
To establish the current state of use of communications and IT in the organisations 
involved in the Christensens Road State School Case Study Project, a series of 
interviews were undertaken by Mr John Crawford (Principal Experimental Scientist 
- CSIRO), accompanied by ORCM Researchers, in May 2000. Project participants 
from Project Services Queensland, were asked to respond to various IT issues 
(Section 3.2.1) and comment on their view of the organisation's approach 
relating to the use and influence of communications and IT in the industry in 
general, but more importantly, how it relates to the Christensens Road State 
School Case Study Project.  
 
Responses, results and recommendations to the IT issues in relation to all 5 ORCM 
Case Study Projects and/or project partner organisations placed under 
investigation by Mr John Crawford and ORCM Researchers, can be viewed in the 
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September 2000 Report: "Technology Review for Online Remote Construction 
Management (ORCM) Project" (Crawford, et. al. 2000).  
 
3.2.1 Information Technology Issues Under Investigation 
 
• Existing Systems in Use 
• General description 
• Communications 
• Computers 
• Project Management functions 
• Databases 
• Computer-Aided Design (CAD) 
• Internet and Web 
• Archiving and file back-up 
• Field hardware 
• Potential of Existing system 
• Unutilised capabilities 
• Future developments being put in place in existing systems. 
 
3.2.2 Results and Recommendations 
 
Below, an extract of the results, recommendations and observations documented 
in Crawford, et al. (2000) pertaining to the Queensland Project Services interviews: 
 
“Project Services certainly have a commitment to achieving the full potential for 
IT in the construction industry, and should continue to demonstrate success in 
capturing as many of the benefits as possible (for themselves and their client 
department’s) from the IT revolution.  For Project Services, the vital decision of 
how to consolidate and extend the eProject system has now been made, and 
they are planning substantial investment to permit incorporation and 
management of electronic transactions, tendering and procurement for the 
project stakeholders.  These decisions will position the group as an industry leader 
and subsequently take advantage of the industry’s move to increased levels of IT 
awareness.” 
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4 ORCM Benchmark Project  
4.1 Wonga Beach State School - Traditionally Delivered Benchmark Project  
 
 
 
Figure 4-1: Wonga Beach State School - Benchmark Project  
 
QDPW and Project Services Queensland allowed members of the ORCM 
Research Team to gain access to the Wonga Beach State School project data 
(Figure 4-1) - a traditionally delivered (benchmark) construction project of similar 
size, value, location (remoteness) etc, to that of the Christensens Road State 
School Case Study project (Section 2). Members of the ORCM Research Team 
were given access to the Brisbane offices of Project Services Queensland and all 
archived data/correspondences pertaining to this project for data extraction and 
analysis to commence.  
 
4.2 Wonga Beach State School - Traditionally Delivered Benchmark Project 
Description  
 
A general description of the Wonga Beach State School Benchmark Project's 
statistics is as follows: 
• Client    : Education Queensland 
• Value at completion   : $3,696,230 
• Project description   : Construction of a new state school. 
• Contract delivery system : Traditional delivery using AS2124 in  
conjunction with the Queensland 
Government Special and Particular  
Conditions of Contract. 
• Contract duration  :  24 weeks + 32 days approved 
extension  
• Completion date  : June 1999 
• Primary consultant  : Architects Project Services  
(Far North Queensland) 
• Construction Manager : CBQ Pty. Ltd 
• Information Technology : Project Services, LAN with software  
Including AutoCAD 12, GroupWise, 
WordPerfect, Lotus, SAP. 
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4.3 Wonga Beach State School - Traditionally Delivered Benchmark Project 
Organisation Structure 
 
 
Figure 4-2 provides an outline of the Wonga Beach State School Benchmark 
project's organisational, communication and contractual reporting structures. 
 
 
 Client Representative 
(Education Queensland)  
Bruce McKinlay 
 
Contractor 
(CBQ Pty Ltd) 
Martin Brooke 
End User 
Representative 
Superintendent 
(Project Services)  
Peter Crooke 
Project Manager 
(Project Services)  
Peter Crooke 
Principal 
Consultants 
Secondary 
Consultants 
 
Structural Eng     : Flanagan  
                                  Consulting Group 
Landscape Arch      : Project Services 
Mech. Services    : Project Services 
Electr. Services    : Project Services 
QS     : Project Services 
Sub-Contractors
(Various) 
KEY: 
 
Reporting 
 
Direct Communication 
 
 
 
Figure 4-2: Wonga Beach State School - Traditionally Delivered Benchmark 
Project – Organisational, Communication and Contractual Flow 
Diagram 
 
The Wonga Beach State School traditionally delivered Benchmark project's 
organisation structure (Figure 4-2) is similar to that of the Christensens Road State 
School Case Study (Figure 2-2).  The ‘project team’ consisted of the Client 
Representative (Education Queensland), End User Representative, 
Superintendent and Project Manager (Project Services) the Contractor and 
various Consultants and Sub-Consultants/Contractors. 
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4.4 Communication Methods 
 
The Wonga Beach State School Benchmark project participants made use of the 
more 'conventional' or 'traditional' forms of communication systems and/or IT tools 
such as Project Service's local area network (LAN) with software including: 
AutoCAD 12, GroupWise, WordPerfect, Lotus, SAP, facsimile and telephones (land 
line and mobile) for daily project related communication and information sharing 
between the various project participants.  E-mail facilities were not significantly 
used on this project.  
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5  Information Technology (IT) Analysis Framework 
5.1 Background 
 
Construction is a fragmented industry, with numerous design firms, contractors, 
subcontractors, and suppliers involved in almost any project.  Computers can 
provide unifying modelling, management and communications systems to bring 
the unique talents of these parties together in a more productive and integrated 
manner.  Leading consulting and construction firms are increasingly recognising 
computers as a strategic technology, and it is very probable that these firms will 
be the ones who will ensure the industries success in the next century (Paulson, 
1995). The construction industry is making insufficient use of transferring project 
data and information electronically.  McCaffer et al. (1991) commented that 
data exchange between project participants is still largely undertaken on paper 
and change has been slow.  Further, the construction industry has been identified 
as not having a coherent and integrated computer system that encompasses the 
whole of the construction process from design through construction to final 
account and facilities management, even though the existing technology can 
make this possible. 
 
A Business Technology Survey (Australian Bureau of Statistics, 1997-98) measured 
business use of information technology and telecommunications (IT&T) including 
the Internet in a sample of 6,800 Australian businesses.  The survey (Table 5-1), 
showed that access to the Internet, for example, was highest in mining (47%), 
property and business services (46%), and communication services (45%).  In 
contrast, industries such as accommodation, cafes and restaurants (16%), retail 
trade (17%), construction (20%) and transport and storage (20%) were among 
those with the lowest proportion of Internet access.  Almost two-thirds of 
businesses reported not having PCs, because the technology was 'not suited to 
the nature of the business' (Table 5-2 & Table 5-3).  One-third of businesses 
reported cost was a barrier to adopting PCs. 60% of businesses with PCs had no 
Internet access because it was 'not suited to the nature of th 
 
Tucker et al. (2000: 17) reports there have been few comprehensive 
benchmarking studies of IT use in the construction industry and indicate that of 
those studies, most tend to be severely limited in scope and application. 
 
Of the available benchmarking methodologies, perhaps the most commonly 
adopted framework for the examination of IT usage is the “Strategic IT Health 
Check” as developed by Construct IT Centre of Excellence (1997) in the United 
Kingdom. Despite its relatively wide adoption, the Strategic IT Health Check is also 
limited in its scope.  Amongst other shortcomings, it is structured to evaluate the 
organisation and not the use if IT on a project.  Tucker et al. (2000: 18) conclude 
that a new information technology analysis framework is required to allow 
effective comparisons within and between projects and summarise their study 
into existing IT benchmarking methodologies and frameworks as follows: 
• The Construct IT Health Check is the only existing analysis framework that 
has been used in a number of countries.  
• Almost all analysis of the use of IT in construction has been focused at the 
organisational level and the capabilities of applying IT. 
• The limitations of existing analysis frameworks are many and include: 
• The analyses are snapshots in time only. 
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• There is minimal detail, with most focussing on a broad level 
(overview). 
• Benchmarking is minimal. 
• Benchmarking which has been done is only at a strategic level. 
• Very limited analysis has been attempted at the project level. 
• Information is almost all from interviews (subjective). 
• Poor reproducibility has limited comparisons of time (performance) 
and country. 
 
Table 5-1:  Business Use of PC's and the Internet 
Industry PC's LAN/ WAN 
Internet 
Access 
Email 
Access 
Web 
Browser 
Access 
Web 
Site/ 
Home 
Page 
No. 
of 
Bus. 
 % % % % % % ,000 
Mining 78 38 46 45 43 19 2 
Manufacturing  69 21 31 29 25 8 48 
Construction 54 7 17 16 15 4 78 
Wholesale Trade 74 30 38 38 35 10 43 
Retail Trade 54 17 17 17 14 2 110 
Accommodation & 
Restaurants 45 8 14 12 13 5 31 
Transport & Storage 54 15 20 19 15 5 31 
Communication 
Services 73 17 45 45 38 13 3 
Finance & 
Insurance's 74 27 39 37 34 12 18 
Property & Business 
Services 78 30 44 43 39 8 142 
Health & Community 
Services 69 20 33 32 30 5 49 
Cultural & 
Recreational 
Services 
64 18 33 33 30 13 15 
Personal & Other 
Services 42 12 20 20 18 9 33 
Total/Average 64 20 31 30 27 9 603 
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Table 5-2: Benefits of Business Use of the Internet 
Industry 
Reduced 
Business 
Cost 
Broader 
Client 
Exposure 
Better 
Access to 
Information 
Business 
Across 
Time 
Zones 
Improving 
Customer 
Satisfaction 
No. 
Of 
Bus. 
 % % % % % ,000 
Mining 31 27 92 43 12 1 
Manufacturing  22 30 71 27 21 15 
Construction 15 17 84 17 8 14 
Wholesale Trade 35 33 88 43 21 17 
Retail Trade 23 14 84 15 16 19 
Accommodation 
& Restaurants 
12 41 78 15 24 4 
Transport & 
Storage 
46 42 88 45 23 6 
Communication 
Services 
40 41 83 9 23 1 
Finance & 
Insurance's 
14 40 92 53 23 7 
Property & 
Business Services 
33 29 90 36 34 63 
Health & 
Community 
Services 
22 15 88 16 13 16 
Cultural & 
Recreational 
Services 
21 35 84 31 14 5 
Personal & Other 
Services 
24 22 87 18 16 7 
Total/Average 27 27 86 30 23 174 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5-3: Barriers of Business Use of the Internet 
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Industry 
Not 
Suited to 
Nature 
of 
Business 
Cost 
Lack of 
Skill or 
Training 
Other 
Businesses 
with PC's 
but No 
Internet 
Access 
Businesses 
with PC's 
but No 
Internet 
Access 
 % % % % 
% of All 
Businesses 
With PC's 
,000 
Mining 58 26 20 25 41 1 
Manufacturing  66 21 17 25 56 19 
Construction 63 25 22 20 68 29 
Wholesale Trade 59 26 26 30 48 15 
Retail Trade 74 37 28 19 69 41 
Accommodation 
& Restaurants 
60 34 28 27 68 9 
Transport & 
Storage 
49 36 31 21 63 10 
Communication 
Services 
51 0 0 0 38 1 
Finance & 
Insurance's 
62 17 28 25 48 6 
Property & 
Business Services 
48 27 19 34 44 48 
Health & 
Community 
Services 
56 36 26 32 52 18 
Cultural & 
Recreational 
Services 
54 42 13 34 49 5 
Personal & Other 
Services 
72 34 33 9 51 7 
Total/Average 60 30 24 26 55 209 
 
 
5.2 Information Technology Analysis Framework for the Acton Peninsula 
 
The Acton Peninsula Development Project located in Canberra, comprises of the 
National Museum and the Australian Institute of Aboriginal and Torres Strait 
Islander Studies, and is the first major building development in Australia awarded 
on the basis of a joint alliance contract, including the building and services 
contractor. 
 
As a part of a major research project surrounding the Acton Peninsula 
Development, a framework was developed for reporting on lessons learned 
about the application of IT in construction during design, construction and project 
management.  The main focus of this framework is the use of IT in the design, 
construction and project management functions, as well as a review of the 
development of IT in the construction industry. 
 
The “Information Technology Analysis Framework for Acton Peninsula Project” 
(Tucker et al, 2000) specifically examined IT implementation from seven 
perspectives: 
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• Information technology; 
• User utility; 
• Project organisation; 
• Project management functions; 
• Benefits; 
• Value-adding; and 
• Competitive positioning. 
 
5.3 ORCM Application of the Information Technology Analysis Framework for 
the Acton Peninsula 
 
As a part of the Online Remote Construction Management project, research is 
required into the benefits of IT implementation into the construction industry. To 
ensure the original Information Technology Analysis Survey could be administered 
without delay on the various ORCM case study projects, it was proposed that the 
Information Technology Analysis Framework for Acton Peninsular Project (Tucker 
et al, 2000) be utilised in the evaluation of IT implementation, as well as the 
benefits, advantages and barriers to that implementation. 
 
 
5.4 ORCM Aim for the Information Technology Analysis Survey 
 
The aim of the ORCM Information Technology Analysis Survey is to report on 
lessons learned regarding the application of IT during the design, construction 
and project management phases of the project - i.e. to examine the project and 
organisational level of IT implementation and application, as well as potential 
benefits, advantages and/or barriers the project and/or organisation 
experienced by that implementation.  
 
5.5 ORCM Implementation of the Information Technology Analysis Survey 
 
The following project participants from the Christensens Road State School Case 
Study Project who made use of eProject to generate, receive, store and/or 
disseminate all project related documentation, information and/or 
communication, completed the ORCM Information Technology Analysis Survey: 
• Senior Project Manager (Project Services) 
• Superintendent (Project Services) 
• Information Technology Project Officer (Project Services) 
 
5.6 ORCM Information Technology Analysis Survey - Section Breakdown 
5.6.1 Section 1 – General Information 
 
In the first section of the survey, ORCM Researchers asked the Christensens Road 
State School Case Study project participants who used eProject on the project, to 
provide a general background to their role in the project as well as a record of 
past and/or existing levels of IT ‘exposure’ and/or experience on projects. 
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5.6.2 Section 2 – Seven IT implementation Perspectives 
 
To determine project and organisational levels of IT implementation and 
application, as well as potential benefits, advantages and/or barriers the project 
and/or organisation experienced by that implementation during the design, 
construction and project management phases of the project, the survey 
specifically examined IT implementation from 7 different but inter-connected 
perspectives (Figure 5-1). 
 
 
  
Value-adding Enhanced Delivery 
Process
Strategic 
Positioning 
Strategic  
Impacts  
Project 
Management 
Functions   
Productivity  
& Efficiency
Project 
Organisation   Coordination &
 Integration
Benefits
Tangible &  
Intangible  
User 
Utility 
Use
 
Information 
Technology 
 
 
Figure 5-1: Seven IT Implementation Perspectives (Tucker et al, 2000)  
 
 
Key to Figure 5-1: 
Perspective Defined 
1. Information 
Technology  
:  This perspective is the centre of the framework.  It focuses on 
the IT tools used and addresses their technical aspects. 
2. User Utility  :  Concerned with user satisfaction and perceived value of IT 
use.  User satisfaction is expected to play an important role 
in the overall evaluation of the IT tool.  From the user’s 
perspective, the value of the tool is based largely on the 
extent to which it helps the user do the job more efficiently 
and effectively.  This perspective covers usage-related 
issues of interest to users who interact with the IT tools.   
3. Project 
Organisation  
:  This perspective deals with the role IT plays in facilitating the 
integration of project participants. 
4. Project 
Managemen
t  
:  This perspective examines the impact of IT on project 
management functional goals, mainly in the areas of 
information needs, quality and timeliness within the context 
of design, construction and project management 
functions. The measurement and evaluation of project 
management functions should yield useful data about the 
impact IT has on the productivity and efficiency of these 
functions. 
5. Benefits  :  This perspective investigates the link between IT 
implementation and any project-related short-term 
benefits.  The perspective includes both tangible and 
intangible benefits.  Tangible benefits such as time and cost 
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savings are expected due to the reduction of paper-based 
workload, faster response times and less rework.  Intangible 
benefits may include process flexibility in generating, 
handling and manipulating data, ease of workload, and 
ability to detect errors or inconsistencies. 
6. Value-
adding  
:  Capturing the relationship between IT implementation and 
the overall project delivery process and is a much broader 
concept than that of the benefits perspective.  It examines 
the perceived value-added aspect of the process in terms 
of generating business value to the client (delivering a 
project through a more robust delivery process) as well as 
to all project stakeholders (cultural change and extended 
partnerships). 
7. Strategic 
Positioning  
:  In addition to evaluating IT use in a particular project, there is 
also a need to measure and evaluate IT contribution to the 
strategic capability of the organisation.  This perspective 
assesses the impact IT has on the organisation at the 
strategic level.  It is concerned with how lessons learned in 
this project are disseminated and hence contributed to the 
strategic positioning of the organisation.  For example, how 
benefits achieved are being translated into an increased 
organisational capability and the ability to view IT as an 
integral part of future business and project activities. 
 
5.7 ORCM Information Technology Analysis Survey Results 
 
The following survey responses, ratings, comments and/or suggestions from the 
Christensens Road State School Case Study project participants were analysed, 
which  inturn helped develop the ‘Critical Success Factors’ in Section 10 
 
5.7.1 Results - Section 1 (General Information) 
 
Results obtained from the Christensens Road State School Case Study project 
participants and users of the eProject system on the project are shown in Figure 
5-2. 
 
Referring to Figure 5-2, project participants and users of the eProject system 
provided the following 'general' information, enabling ORCM Researchers to 
calculate a rating/percentage (%) for each criteria, including:  
 
1. Prior to this project, have they used computers in their work before?  
100% of the case study project participants who took part in the survey, said 
yes to having used computers in their work (prior to this project). 
 
2. If yes in what capacity - i.e.: pricing/costing; Word-processing; programming; 
cost control; drawing/design; email; Web-based applications; e-Commerce; 
e-Procurement; and/or other? 
• 100% have or are using Microsoft Office software (Word/Excel 97 & 98) 
and Word Pro for most of their documentation activities on projects.  
• 100% used or found the need to access email and/or the World Wide Web 
(www) for communication purposes on this and other projects. 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part D: Case Study Report: Christensens Road State School 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 22 
• 67% use or have used Project Management software - i.e. Microsoft 
Project 98. 
• None use or have used "cost control" software e.g.: MYOB. 
• None (0%) who took part in the survey answered yes to using eCommerce 
(e.g. internet banking) or eProcurement facilities on projects. 
• 67% have or are using the Computer Aided Drawing (CAD) software 
AutoCADLt 2000 throughout the various phases of projects. 
• 100% have or are using 'conventional' or 'traditional' forms of 
communication (facsimile, telephone, radio, etc) on past and current 
projects. 
 
3. Have they used computers at home, office and/or Internet-café etc.? 
100% have or are finding the need to use a computer at work and at home. 
 
4. Approximately how much of their work on this project requires a computer? 
33% stated their work or role on this project required between 41% and 60% 
use of a computer, and the remaining 67% requiring between 81% and 100% 
use and/or access to a computer for generating, accessing and/or receiving 
project related information. 
 
5. Do they believe computers have improved their work capabilities?  
100% agreed that through the use of the various IT tools, software and/or 
communication systems (including eProject) on the Christensens Road State 
School Case Study project, improved their working capabilities throughout the 
various phases of the project. 
 
6. For any project information that they receive electronically, do they use 
and/or respond the information electronically?  
100% said they used the electronic format of the project related information 
they received electronically from other project participants - i.e. electronically 
(using a computer) saving, altering, reformatting, etc. the original piece of 
correspondence/information.  Additionally, results indicate that 100% actually 
respond electronically to the original project related information they 
received electronically from other project participants.  
 
Therefore, according to those interviewed, the implementation/use of a Web-
based Project/Documentation Management System (eProject) allow project 
members to receive, use and respond to information electronically, keeping 
the need to print out hard (paper) copies of the original electronic 
correspondence/information to a minimum - i.e. minimising the need to 
manually alter, attach (staple), photocopy, file (archive folders), etc. paper 
versions and then having to use 'traditional' forms of communication 
(facsimile, post, courier, etc) for further dissemination. 
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Figure 5-2: Christensens Road State School Case Study Project Results - 
General Information  
 
For comparison purposes, Figure 5-3 shows the combined/average result (%) 
calculated from the responses provided by project participants and/or users of 
similar IT tools and/or communication systems implemented on the other 4 ORCM 
case study projects (i.e.: excluding Christensens Road State School) for the same 
General Information criteria (above).  
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Figure 5-3: Combined Results of 4 ORCM Case Study Projects - General 
Information  
 
Results show that the Christensens Road State School Case Study Project scores 
(Figure 5-2) are (in general) well above the combined/average scores (%) 
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obtained from participants involved in the other 4 ORCM Case Study projects 
(Figure 5-3) – i.e.: in relation to their IT strengths, weaknesses, 'exposure', 
experience, usage, etc. 
 
5.7.2 Results - Section 2 (Seven IT implementation Perspectives) 
 
Christensens Road State School Case Study project participants and users of 
eProject were asked to score each of the 7 perspectives, by choosing a number 
between 1 and 5 for each of the weighted criteria’s (Section 5.6.2). A score of 1 is 
described as being the lowest and 5 the highest score obtainable for any criteria 
within each perspective. All the scores were then combined and manipulated to 
get a overall percentage (%) or rating for each perspective.  Again a minimum 
rating of 0% and a maximum rating of 100% can be obtained - i.e. the rating 
determined the project participant’s overall level of satisfaction for each 
perspective in relation to the eProject system.  
 
Figure 5-4 shows percentage ratings for each of the 7 perspectives calculated 
from responses provided by Christensens Road State School Case Study project 
participants. 
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Value Adding
Strategic Positioning
 
 
Figure 5-4: Christensens Road State School Case Study Project Results - 7 
Perspectives Compared 
 
Figure 5-5 shows the combined result (%) obtained from the remaining 4 ORCM 
case study projects (i.e.: excluding the Christensens Road State School Case 
Study project).  
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Figure 5-5: Combined Results of Remaining 4 ORCM Case Study Projects - 7 
Perspectives Compared 
 
To follow, results for each of the 7 perspectives obtained from the Christensens 
Road State School Case Study project participants and (Figure 5-4) compared to 
the results obtained from the other 4 ORCM Case Study project participants 
(Figure 5-5):  
 
1. Information Technology:  Results indicate that the Christensens Road State 
School Case Study project participants rated eProject 's Information 
Technology perspectives nearly equal (only 1% difference) to the 
combined/average percentage rate of 69% obtained from participants 
involved in the other 4 ORCM Case Study projects (Figure 5-5), for using 
similar IT tools and/or communication systems.  The assessment criteria 
pertaining to this perspective include the following issues: 
• Reliability 
• Secureness against unauthorised use 
• User-friendliness 
• Appropriateness for the application/function 
• Suitability for site conditions 
 
2. User Utility:  Results show that Christensens Road State School Case Study 
project participants rated the User Utility perspective of eProject - i.e. the 
extent to which eProject helped the user do the job more efficiently and 
effectively - at 65% (Figure 5-4) nearly equalling the combined rate of 
(64%) acquired from participants involved in the other 4 ORCM Case 
Study projects (Figure 5-5) using similar IT tools and/or communication 
systems. User Utility issues include:  
• Level and frequency of IT tool use(d) most  
• Level and frequency of training provided 
• Level and frequency of technical support provided 
• Accuracy and quality of the tool/system output 
 
3. Project Organisation:  Christensens Road State School Case Study project 
participants rated the role eProject plays in facilitating the integration of 
project participants at 78% (Figure 5-4) - i.e. 11% above the 
combined/average score of 67% (Figure 5-5) obtained from participants 
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involved in the other 4 ORCM Case Study projects, for using similar IT tools 
and/or communication systems. Results therefore indicate that the 
Christensens Road State School Case Study project participants believe 
that the use and implementation of eProject on the project significantly: 
• Enhanced coordination between project participants 
• Reduced response time to answer queries 
• Established and support the project team 
• Empowered participants to make decisions 
 
4. Project Management Functions:  The impact eProject had on the 
productivity and efficiency of project management functional goals - i.e. 
information needs, quality and timeliness within the context of design, 
construction and project management functions - received a score of 
77% from Christensens Road State School Case Study project participants 
(Figure 5-4), 7% above the combined/average score (70%) obtained from 
participants involved in the other 4 ORCM Case Study projects, for using 
similar IT tools and/or communication systems  (Figure 5-5). Therefore, 
eProject satisfied the project management functional goals in relation to 
its:  
• Facilitation of document transfer and handling 
• Keeping of and ability to update records 
• Immediate reporting and receiving feedback capabilities 
• Ability to identify errors and/or inconsistencies 
 
5. Benefits:  The link between eProject implementation and any project-
related short-term benefits (both tangible and intangible) received a 
rating of 67% by the Christensens Road State School Case Study project 
participants and/or users of eProject (Figure 5-4). Participants involved in 
the other 4 ORCM Case Study projects scored the use of similar IT tools 
and/or communication systems at 63% (Figure 5-5) - i.e. only 4% 
difference. Results therefore indicate that Christensens Road State School 
Case Study project participants were reasonably convinced with the 
eProject’s ability to: 
• Save time (e.g. processing, responding, etc) 
• Save cost (e.g., rework, travelling, overheads) 
• Improve document quality 
• Decrease number of design errors 
• Decrease number of RFI's 
 
6. Value-adding:  Christensens Road State School Case Study project 
participants provided a rating of 73% (Figure 5-4) for the perceived value-
adding aspect of implementing an overall project delivery process 
(eProject) - i.e. 9% above the 64% scored by participants involved in the 
other 4 ORCM Case Study projects (Figure 5-5), for using similar IT tools 
and/or communication systems. Therefore Christensens Road State School 
Case Study project participants were satisfied with eProject 's ability to: 
• Lead to a more satisfied customer 
• Lead to more streamlined processes 
• Enable a cultural change among project members 
• Improve computer/IT literacy 
• Improve project communications 
 
7. Strategic Positioning:  The use of eProject on the Christensens Road State 
School Case Study Project, in relation to its contribution to the strategic 
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capability and project activities of the organisation, received a rating of 
80% from it's participants (Figure 5-4) - i.e. 15% above the 65% (Figure 5-5) 
provided by participants involved in the other 4 ORCM Case Study 
projects, for using similar IT tools and/or communication systems. 
Christensens Road State School Case Study project participants therefore 
rate the use and implementation of eProject on the project the highest in 
terms of eProject's ability to:  
• Enhance the organisation's image in the Industry 
• Attract more sophisticated clients 
• Increase the capability for global co-operation 
 
 
In summary, Christensens Road State School Case Study Project ratings (%) for the 
above 7 perspectives (Figure 5-4) are ‘ranked’ in Table 5-4, thereby indicating the 
project participant’s overall level of satisfaction in using eProject on the project: 
 
Table 5-4: Christensens Road State School Case Study Project – Ranking of 7 
Perspectives 
Ranking Perspective Rating (%) 
Level Of User Satisfaction And/Or 
Influence On The Project 
1st Strategic Positioning 80% Highest 
2nd Project Organisation 78% High 
3rd Project Management 77% High 
4th Value Adding 73% High 
5th Information Technology 68% Average 
6th Benefits 67% Average 
7th User Utility 65% Lowest 
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6 Benchmark Analysis  
6.1 Benchmarking Defined 
 
The word 'benchmark' is a term originally used by land surveyors dating back to 
the construction works of ancient Egyptians, where a distinctive mark is made on 
a rock, building, wall or structure and used as a reference point in determining 
other positions or altitudes within a given line of levels (Webster's New World 
Dictionary, 1956 in Patterson, 1996 and Codling, 1992). Today, Bogan and English 
(1994) comment that managers and organisations recognise and use the term 
'benchmark' to gauge the performance of a function, operation, or business 
relative to others.  
 
Boxwell (1994) states that benchmarking is a process of setting goals by using 
objective, external standards and learning from others – learning what and why, 
but more importantly, learning how. Understanding how the companies achieve 
their results is usually more important and valuable than obtaining a more 
quantified result. It can be described as the process of 'studying' a 
company/organisation that may have a similar product, or perform a similar 
process, whether it is in the benchmarking teams industry or not – that is, identify 
and study them and based on what you have learnt, adopt and/or improve 
upon the results.  
 
Benchmarking is 'a continuous, systematic process for evaluating the products, 
services, and work processes of organisations that are recognised as representing 
best practice for the purpose of organisational improvement' (Spendolini, 1992 
and MacNeil, et al. 1993). 
 
6.2 Why Benchmarking?  
 
In this 'climate of dynamic change', benchmarking provides organisations with a 
focus on the external environment of the organisation, and increasing process 
efficiency.  Due to the increase of international competition for domestic markets, 
it has now more than ever, become essential for companies to emphasise quality.  
Patterson (1996) believes that benchmarking is one way to ensure quality and 
effective process control, by measuring and testing standard operational 
procedures against new methods. 
 
Within various industries, the term 'change' is not new, especially in the field of 
technology. Technological change is a progress that feeds on itself to promote 
other advances and is driven to meet customer needs. It is therefore imperative 
that industries are aware of change and advances – within their own and other 
industries – and how it may/will effect/impact on them. Codling (1992) concludes 
that benchmarking promotes a climate for change and/or process of continuous 
improvement that is essential to every organisation.  Spendolini (1992) identified 5 
reasons as to why organisations tend to make use of the benchmarking process: 
• Strategic Planning: Benchmarking is a useful tool in gathering essential 
information on the marketplace and activities of competitors, to help 
shape a long and short-term business strategy. 
• Forecasting: Benchmarking provides a source of information regarding 
business directions of key players in the marketplace. 
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• New Ideas: Benchmarking exposes organisations and individuals to new 
products, work processes, management techniques, etc. 
• Product/Process Comparison: Comparing a competitor’s product or 
service (feature by feature) to a company's product or service that is 
performing the analysis, provides a standard of comparison of the 
organisations. 
• Goal Setting: Benchmarking can help organisations establish performance 
goals in relation to identifying state-of-the-art or best practices. 
 
For the purpose of detailing the methodology by which the benchmarking of 
information and communication flow data on the various ORCM case study and 
benchmark projects were analysed, an “IT in Construction: Benchmark 
Methodology Report” had been prepared by ORCM Researchers (Weippert, et 
al., 2000). 
 
6.3 ORCM Benchmarking Activities  
 
In this section we consider the Case study project, the Christensens Road State 
School Project (Section 2) against the benchmark project Wonga Beach State 
School Project (Section 4).  Both projects were of similar remoteness, and both 
projects were over $3.5 million ($4.8 million for Christensens Road State School and 
$3.6 million for Wonga Beach State School).  The benchmark project was a 
traditionally procured project, and utilised Project Services IT systems as described 
in Section 4.4 for delivery / coordination of design, and documents.  Otherwise 
land lines for phone, facsimile and minimal email usage. 
 
The project team for the Wonga Beach State School benchmark project included 
Project Services for Project Management, Architectural, Mechanical, Landscape 
and Quantity Surveying services, CBQ Pty Ltd as Construction Manager and 
Flanagan Consulting Group as structural engineer.  
 
In comparison, the case study project (Christensens Road State School) also 
involved Project Services as the primary design consultant, with Brown & Root as 
the Project Manager and Evans Harch Pty Ltd as the Construction Manager.  This 
project was co-ordinated through the use of the QDPW’s “eProject” system, a 
data communications/coordination and document control system described in 
Section 3 and Figure 3-1. 
 
Delivery time for both projects was similar (30 weeks for Christensens Road State 
School Project, and 22 weeks for the Wonga Beach State School Project). 
 
6.4 Communication Flows 
6.4.1 Christensens Road State School Case Study Project 
 
The communications flows can be readily mapped from the communication 
data collected on each project.  In respect to the Christensens Road State 
School Project, all the data that was available, was collected from the QDPW’s 
“eProject” system database, as no other data was available. From the data 
available, the number of active participants identified was however, quite low 
(only 17) which is reflected in the size of the communications flow chart (Figure 
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6.1). It should also be noted that a significant number of items – either being sent 
to or coming from Project Services – had no specific recipient identified and so 
these have been described in this report as “Project Services (Unidentified)”. 
 
The following flow chart represents all the formal communication carried out on 
this project for which records had been kept; with line thickness giving an 
indication of the volume of communication occurring between various 
participants, which in some cases represented only one (1) item of 
communication. As almost all communication was between Evans Harch and 
Project Services, a flow chart based on just two primary communications sources 
was considered to be of little use.  Therefore, as can be seen in Figure 6.1, we 
have tried – where possible – to identify the discipline within Project Services from 
where the communication was originating from or being sent to. 
 
What this chart shows is that the majority of communication with the Construction 
Manager was carried out through a central distribution position first – that being 
the Superintendent’s Representative.  This communication flow pattern is typical 
of a traditional contract arrangement and does not take advantage of the 
potential benefits that an “e-project” system can provide, where each of the 
individual disciplines is able to communicate directly with the Construction 
Manager and issues can generally be resolved much quicker, due to a much 
faster turnaround time. 
 
 
Figure 6.1: Communication Flow Path 
 
6.4.2 Wonga Beach School Traditionally Delivered Benchmark Project  
 
The data supplied by the Department of State Works for this project provided 
details of incoming and outgoing correspondence not only between the various 
sections of Project Services (the designer, superintendent and various offices) and 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part D: Case Study Report: Christensens Road State School 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 32 
CBQ Pty. Ltd (the primary contractor), but also detailed correspondence with 
Education Queensland (the client) and a large variety of consultants, statutory 
bodies, trade contractors and suppliers.  Unfortunately, the data relating to which 
section of project services initiated or received the communication, was 
inconsistent and so all Project Services communication has been bundled 
together. 
 
On this project, the communications flows are based on identifying only those 
links where there had been 5 or more items of communication between the 
various participants. Based on this criterion, the number of main communication 
links totalled 31 and is displayed in the communications flow chart (Figure 6-2). It 
should be noted that a significant number of items had missing information (was 
left blank), and so a number of assumptions were made in determining the 
applicable communication flow. Whilst this flow chart represents only 26% of all 
the communications links on this project, it also represents 78% of all the formal 
communication carried out, with the line thickness giving an indication of the 
volume of communication occurring between various participants. 
 
As can be seen, most communication traffic was between Project Services and 
CBQ Pty Ltd, however this was only slightly higher than the level of 
communication with Education Queensland (the client).  Other links that had a 
high volume of communication included Flanagan Consulting Group and 
Douglas Shire Council.  As the data came from Project Services, they are shown 
as being central to almost all communications, which gives the diagram the 
wheel effect, with Project Services being the hub, the other organisations at the 
ends of the spokes and very little cross communication.  Obviously, there would 
also be another “wheel” around the contractor (CBQ Pty Ltd), but this information 
was not available.  This communication pattern is common to traditional, non-
web based projects. 
 
 
Figure 6-2: The Wonga Beach communication flow chart 
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6.5 The Case Study – Christensens Road State School 
 
The Department of Works’ “eProject” is described as an IT system “providing real-
time access to information and working designs”.  However, in the case of the 
Christensens Road State School project, it appears that the eProject system was 
only used as a document management / storage facility rather than a 
communications / coordination tool (such as is the case with Project Web / 
ProjectCentre etc.).  Whilst formal communications were described as having 
been conducted through internet / email, in reality it appears that hardcopies of 
the actual correspondences were scanned in then emailed. 
 
When the Christensens Road State School project was in progress, eProject was at 
the very early stages of development and all the system was really used for was 
an “electronic filing cabinet”. This involved ‘hard copies’ of written 
communications (faxes, letters, RFIs, VOs, SIs etc.) being scanned and distributed 
and allowing all correspondence to be available to the project team – on 
demand – via the eProject system. 
 
Initial observations determined that the data gathered from eProject seemed to 
be incomplete, i.e. the total numbers of correspondences seemed inconsistent to 
the size of the project, and various issue numbers of correspondences were not 
sequential.  Also, data outgoing from Project Services were often not registered as 
incoming data by Evans & Harch Pty Ltd., and vice versa.  What is clearly evident 
is that an unknown number of items have not been included in the data given to 
CSIRO – BCE.  This may be due either to the data not being entered into the 
system in the first place, or the correspondence not existing.  In our opinion, the 
former is the more likely scenario. 
 
Further, some dates when certain items (i.e. RFIs, SIs etc.) were completed, have 
not been entered.  The site superintendent commented that 98% of the RFIs were 
transmitted via email.  As no email log exists, we cannot ascertain the number of 
RFIs that were actually communicated.  Whilst Project Services records indicate 
that at least 117 RFIs were raised, only 86 of these are listed in the data provided 
to us (as noted from various correspondence lists from Project Services) and of 
these only 37 records are complete with respect to the dates upon which they 
were raised and responded to.  Unfortunately, the actual number of RFIs raised by 
Evans Harch Pty Ltd. is uncertain.  Whilst the lists of reference documents only 
show a total of 70 RFIs raised - 13 of which being either “verbal” RFIs or initiated 
through some other form of correspondence – the official list records only 20 of 
these.   
 
Also, the superintendent noted that there were up to 10 variation orders per 
drawing issued.  With over 60 drawings being issued, this would equate to far 
more variation orders (VOs) than the 30 VOs included in the data provided to 
CSIRO – BCE. 
 
Overall, the data provided to CSIRO – BCE is incomplete and this has been a 
major barrier in determining the Performance Indicators (ICE, and ICS) as set out 
in the Communication & Information Flow in Construction: Methodology (Tilley 
2000). 
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6.5.1 Data Entry 
 
As no phone landlines were made available to the site until the 4th month into the 
project and no computers were on site, there were only limited opportunities for 
email communication (approximately twice a day and from an off site location).  
Data entry was thus severely limited during the construction process.  
Consequently the data, according to the users, was often fed into the eProject 
system much later – with a good proportion appearing to have been done 
between August and October 1999. 
 
Beyond these barriers to accessing the system, there were also some legal 
concerns regarding the utilisation of eProject for all correspondence.  There was 
some hesitation by users transmitting certain types of information through the 
internet, such as Variation Order’s (VOs), with concern over authenticity being 
expressed.  In this regard, it was felt that document authenticity could not be 
guaranteed utilising the eProject system.  In addition, concern regarding any 
unauthorised access to the system was raised by Superintendent - Project 
Services, ORCM Interview 13 Dec1999. 
 
6.5.2 The Data 
 
Figure 6-3 lists the logged Incoming versus Outgoing data between the principals 
of the project, based on the different types of correspondence that was 
recorded using the eProject System – a total of 535 items of correspondence in 
total.  In relation to the eProject data recorded, 96% of the Evans Harch incoming 
correspondence, came from the Superintendent’s Representative, whilst only 87% 
of the Superintendent’s Representative’s incoming correspondence, came from 
Evans Harch.  However, when considering outgoing correspondence, while the 
Superintendent’s Representative represented 86% of Evans Harch’s outgoing 
correspondence, Evans Harch represented only 40% of outgoing correspondence 
from the Superintendent’s Representative; the majority of the balance going to 
other sections within Project Services as “cc” copies of the correspondence to 
Evans Harch.  
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Figure 6-3: Comparison of Incoming versus Outgoing correspondence - 
Christensens Road State School 
 
Figure 6-4 shows that of the 109 items of outgoing correspondence from Evans 
Harch, 72 (66%) were either RFIs or RFI related, with the balance split between 
general correspondence, project proposals, EOT claims and the issuing of site 
minutes. 
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Figure 6-4: Breakdown of Evans Harch outgoing correspondence - 
Christensens Road State School 
 
Figure 6-5 on the other hand, shows that of the 403 items of outgoing 
correspondence from the Superintendent’s Representative, 265 (66%) were either 
RFIs or RFI related, with the balance split between variation claims, general 
correspondence, EOT claims and the issuing of defect notice correspondence.  
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Although 265 items were either RFIs or RFI related, only 98 (24%) were directed to 
Evens Harch – the balance being distributed to other personnel within Project 
Services, with most of these being ‘cc’ copies. 
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Figure 6-5: Breakdown of Superintendent’s Representative’s outgoing 
correspondence - Christensens Road State School 
 
When considering the information provided in relation to RFIs, only 29 of the 86 
RFIs had been classified within the RFI classification system.  All 29 were 
considered as “Information Clarification” RFIs and in Figure 6-6 is shown a 
breakdown of the types of RFIs recorded.  As can be seen, “Insufficient 
Information” and “Questionable Information” were considered the main problem 
areas.   It should also be noted that 7 of the RFIs were considered to fall under 
more than one category. 
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Figure 6-6: Classification of the RFIs raised - Christensens Road State School 
 
6.5.3 Deficiencies in the Documentation 
 
One of the key aims of collecting data from the ORCM projects was to record 
communication flows and to concentrate the research on those factors that are 
affected by poor information flow processes (Tilley 2000).  Tilley suggested that 
these factors inevitably affect a project’s operational and decision making 
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processes and eventuate as rework, RFIs, SIs and variations.  The cause, influence 
and effect that these factors have on a project can then be categorised into a 
variety of key indicators and classification systems. In order to determine the 
validity of these types of indicators, accurate data regarding the quality of design 
and documentation needs to be obtained. 
 
Calculations of the various performance indicators have been carried out for 
indicative comparisons only and with the qualification that the data from which 
they were calculated is incomplete. 
 
It is certain that not all communications were logged.  Another factor noted was 
that critical dates (e.g. dates required for responses to RFIs) were also often not 
logged in the data summaries.  Lack of information reduces the efficacy of the 
results of the various performance indicators.  Regardless of these factors our 
analysis includes the calculations of some performance indicators (see below), 
but the results are somewhat less conclusive than they might have been had all 
the data required been available. 
 
With the information that was available, it is possible to calculate the Information 
Clarification Extent (ICE1) performance indicator (Tilley, 1998).  A set of 
calculations is illustrated in the conclusion of this section as a means of measuring 
the differences between this particular case study and the benchmark project. 
 
6.6 Performance Indicators 
 
To allow comparisons between projects of different sizes, types and complexity, a 
method to assess information clarification RFIs – in relation to these two variables – 
was needed.  By dividing the number of information clarifications by the size and 
complexity factor of a project, we have a method that will allow this comparison.   
 
6.6.1 Information Clarification Extent (ICE1) 
 
When considering project size and complexity, the product of final contract value 
and initial project duration is seen as being both simple and adequate for the 
task, especially when the projects being compared are constructed at around 
the same time (Tilley, 1998).  Therefore, based on the above information, the 
following cost based Information Clarification Extent (ICE1) performance 
indicator, which was initially proposed to provide a measure of the extent of 
design and documentation process deficiency, can be calculated. 
 
As discussed, the information on the Christensens Road State School case study 
project is known to be incomplete.  However, the following calculations have 
been made to give a comparison of the extent of information deficiency 
between the projects based on the information we have.  Having said that, the 
results achieved are based on the RFI information provided – and assuming that 
all 70 RFIs raised by Evans Harch were “information clarifications” – it is possible to 
determine an Information Clarification Extent (ICE1) rating for the project as shown 
in Figure 6-7. 
 
 
DCV
N
ICE c×=1       where  748
70
1 ×=ICE  = 0.2083 
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where: Nc = number of information clarification type RFIs = 70 
 CV = estimated final contract value ($100,000’s) = $4.8 m (48) 
 D = Initial project duration (months) = 30 weeks (7 months) 
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Figure 6-7: Information Clarification Extent (ICE1) evaluation chart - 
Christensens Road State School 
 
Based on these figures – and their underlying assumptions – the resulting ICE1 
rating would appear to indicate that the documentation produced for the 
Christensens Road State School Project was not as good as it could have been, 
rating on the border between the “Poor “ to “Very Poor” ranges.  
 
6.6.2 Information Clarification Severity (ICS)  
 
For the RFI process to operate effectively, it is essential that the revisions and 
clarifications requested are provided by the designers efficiently and without 
delay.  Although simple clarifications are likely to be provided quickly and easily, 
more complicated ones are likely to take longer, due to the extra work involved.  
Whilst the need for information clarifications determines that deficiencies in the 
design and documentation process exist, the time taken to respond to these 
requests provides an indication of how severe those deficiencies are, especially 
where delays in responding to the requests may delay the project.   
 
Integral with the issuance of information clarification type RFIs is a determination 
by the contractor as to the time the information is required to ensure that the 
project is not delayed.  The ability of the design team to respond within these time 
frames ensures that the impact of deficient documentation is not aggravated.  
However where responses are provided late, the delays incurred in waiting for the 
required information ensure a reduction in the efficiency of the construction 
process. 
 
By dividing the sum of these delays by the number of information clarification 
type RFIs, we can obtain an indication of the overall severity of the design and 
documentation deficiencies on a project (Tilley, 1998) and allow comparisons 
with other projects.  The following ICS performance indicator is therefore 
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proposed to provide a measure of the severity of the deficiencies with the design 
and documentation process.  
 
 ⎟⎟⎠
⎞⎜⎜⎝
⎛ −= ∑
=
cN
i ai
riai
c T
TT
N
ICS
1
1
                  
 
where: Nc = number of information clarification type RFI’s with a 
response time specified 
 Tr = response time required (days) 
 Ta  = actual time of response (days) 
 
condition: If Tr ≥ Ta then (Ta-Tr) = 0 
 
This mathematical constraint is provided to eliminate the counteracting effect 
that within-time responses would have upon the value of the beyond-time delays.  
Whilst beyond-time responses are most likely to have a detrimental effect on a 
contractor, the beneficial effect of receiving a response earlier that requested, is 
only likely to be marginal at best. 
  
When determining the severity of the deficiencies with the design and 
documentation process based on the Information Clarification Severity 
performance indicator (ICS), the chart shown in Figure 6-9 is used to evaluate 
performance. 
 
By using a combination of both the ICE and ICS performance indicators, it is 
considered possible to determine the quality of design and documentation 
provided on a project.  We can then evaluate how different design and 
documentation quality levels impact on project information and communication 
flows and on the communication process as a whole. 
 
6.6.3 Performance Indicator Calculations 
 
As indicated previously, the details of only 37 RFIs are complete with respect to 
the dates upon which they were raised and responded to.   As can be seen in 
Figure 6-7, the majority of these RFIs were responded to relatively promptly – with 
a high proportion (35%) within the same day.  Only 5 of these RFIs took longer 
than 7 days with the worst being 15 days to respond.   
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Figure 6-8: Time to respond to contractor RFIs - Christensens Road State School 
 
Unfortunately, the data supplied only provided 19 instances where “required by” 
dates were included.  Since we need to compare the actual response times 
against the required response date requested by the builder, to determine delays 
in response, a thorough analysis of this aspect was considered not possible due to 
the lack of information. 
 
However, for the purposes of illustration, the following Information Clarification 
Severity performance indicator (ICS) calculation was carried out and is shown in 
Figure 6-9. 
 
 
 
⎟⎠
⎞⎜⎝
⎛ −= ∑
=
cN
i ai
riai
T
TTICS
119
1
= 0.258 
 
where: Nc = number of information clarification type RFIs with a 
response time specified (19) 
 Tr = response time required (days) 
 Ta  = actual time of response (days) 
condition: If Tr ≥ Ta then (Ta-Tr) = 0 
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Figure 6-9: Information Clarification Severity (ICS) evaluation chart - 
Christensens Road State School 
 
Based on these figures – and their underlying assumptions – the resulting ICS rating 
of “Average “ to “Poor” is very subjective and the figure of 0.258 may not be truly 
representative of the project performance.  If one had taken out the extreme 
results from the small sample group (there were a couple of results greater than 6 
days late) this would have significantly altered the ICS result.  Equally with a much 
larger sample of data, the ICS might have been considerably different, thus 
resulting in possibly a greater efficiency of the design and documentation 
process.  
 
In conclusion, the calculation of the various performance indicators have been 
rendered inconclusive due to sample size, and consequently do not necessarily 
reflect the actual quality or the efficiency of the design and documentation 
process in this case. If the results do reflect the true nature of the project then the 
performance indicator calculations demonstrate that this project was generally in 
the “Poor” range in consideration of both efficiency of design and the time to 
respond to information clarifications, thus resulting in delays to the project.   
 
6.6.4 Extensions of Time  
 
Of the Extensions of time recorded, the data indicated that 15% (Figure 6-10) 
were related to documentation, and 70 % were related to weather.   
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Figure 6-10: EOTs Classified 
 
This result seems to coincide with comments from the superintendent for the 
project.  His comments, sometime after the completion of the project indicated 
that it went “fairly well”, apart from the delays due to rain days.  Delays due to 
documentation clarifications did not rate a mention.  This highlights the fact that 
the results produced in the performance indicators above do not necessarily 
reflect the true efficiency of the project. 
 
6.7 Summary 
 
On reflection, the greatest barrier has been the access to all information, with the 
process adopted for data entry to be the main problem area.  The data entered 
on to eProject system was in many cases entered at a much later date to when 
the correspondence occurred.  This “double entry” process appears to have 
proven quite ineffective, not to mention inefficient.  Important benchmarking 
data was not entered and there appeared to be a significant amount of 
conflicting information.  In addition to this, there would have been an otherwise 
unnecessary process added, not to mention the personnel required to enter the 
data after the event.  A likely barrier to completing the entry of all data into the 
eProject database was possibly the belief that it was both a time consuming and 
expensive exercise with little return for the effort. 
 
A system that would have allowed a single, centralised, overall communications 
process would have avoided the need to re-enter the data after the event.  It 
would have ensured that all communications were recorded as they were 
transacted.  The availability of computers, and communications lines (phone/ 
data) on site proved to be a considerable barrier in the case of Christensens 
Road State School to the ORCM process.  A means to transact on the system was 
simply not available, to key participants.  
 
Essentially combining a system where traditional communications (fax, phone 
calls, and emails) were “scanned” to store on an electronic filing cabinet was 
inefficient.  It required double entry of data, and whilst in theory, the data was to 
remain a permanent record of the project, available to all, this proved not to be 
so in this case, as all the data was not entered.  A combined communications, 
data management system would have been the solution to overcome the 
inefficiencies noted in the process of this project.  It cannot be determined with 
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any certainty whether the results of the analysis of the data reflect the actual 
quality of project documentation / processes, or the means by which the 
information was gathered after the event. 
 
6.8 The Benchmark Study - Wonga Beach State School 
 
The communication and information flow data for Wonga Beach State School 
was obtained from the project files provided by Project Services (Brisbane).  As 
mentioned above traditional means were used to communicate on this 
Benchmark project. This included; telephone (both line and mobile), faxes, letters, 
and verbal instructions on site.  IT was used to a minimum.   
 
The communications exchanged by Project Services on this project totalled over 
700 items, including 482 outgoing and 224 incoming.  As demonstrated below in 
(Figure 6-11) 75 firms were responsible for the incoming items recorded in total, 
with 35 firms involved in the outgoing items.  When filtering the information 
(considering firms transacting 5 items or more only) 23 firms were involved in 
incoming messages to Project Services, and 7 firms involved in outgoing messages 
from Project Services.  It is interesting to note that approximately 30% of the firms 
involved transacted over 80% of the incoming data, and 20% were involved in 
over 77% of the outgoing communications from Project Service. 
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Figure 6-11: Summary of total communications transacted – Wonga Beach 
State School 
 
For the purpose of simplification in this study the analysis has have limited to the 
companies that have transacted over 5 items of correspondences.  Figure 6-12 
below demonstrates the communications transacted with Project Services where 
more than 5 items of correspondence were involved. 
 
It appears that unlike Christensens Road State School, the information was fairly 
complete in relation to the amount of communication involved, however the 
records  used for this analysis, were deficient in relation to information on the 
dates when RFIs were due to be responded to, the dates that reference 
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documents were sent and some communication reference numbers (i.e. RFI 
No.s).  This lack of information became critical in assessing communications and 
calculating the performance indicators (see below).  
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Figure 6-12: Total correspondence to firms where over 5 items of 
correspondence were transacted – Wonga Beach State School 
 
The majority of items were transacted between Project Services, and the builder 
(CBQ Pty Ltd).  Figure 6-13 indicates the classification of the data communicated 
between the two principals of the project team.  
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Figure 6-13: A comparison of Incoming v Outgoing correspondence by 
classification – Wonga Beach State School 
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An interesting comparison between the Wonga Beach State School project and 
the Christensens Road State School project; is that although both projects were of 
similar size and complexity, there was a significant difference in the number of RFIs 
recorded.  Whilst the Christensens Road State School project recorded 
approximately 70 RFIs issued by the head contractor, the Wonga Beach State 
School project data lists only 14 and of those 14, only 10 appeared to involve 
information clarifications.  
 
As the number of RFIs seemed quite low for this kind of project, the research 
assistants logging the information were questioned about the apparent lack of 
RFIs.  The research assistants indicated that all the RFIs recorded appeared to be 
in sequence, with no others found.  Due to a significant number of variations on 
the project (55 recorded), there is some uncertainty as to whether there were 
more RFIs issued other than those recorded in the information obtained.  It is 
possible that some information clarifications may have been issued through 
general Request / Queries, or some other subject type rather than by way of RFIs, 
however it is not possible to determine this from the information provided.  From 
the information available it is only possible to state that the project had relatively 
few RFI’s.  With this information we are able to calculate the 1ICE  performance 
indicator, as described previously. 
 
The Wonga Beach State School benchmark project achieved the following result 
and is shown in Figure 6-14;   
 
       
DCV
N
ICE c×=1            where        536
10
1 ×=ICE  = 0.0556 
Where: Nc = number of information clarification type RFIs = 10 
 CV = estimated final contract value ($100,000’s) = $3.6 m 
 D = initial project duration (months) = 22 weeks (5 months) 
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Figure 6-14: Information Clarification Extent (ICE1) evaluation chart – Wonga 
Beach State School 
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Based on these figures – and their underlying assumptions – the resulting ICE1 
rating would appear to indicate that the documentation produced for the 
Wonga Beach State School Project was acceptable, rating at the higher end of 
the “Average” range and almost reaching “Good”. 
 
When compared to the result achieved on the Christensens Road State School 
project (Figure 6-15), it would appear that the contractor on the Wonga Beach 
State School project had significantly less problems with the documentation 
provided. 
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Figure 6-15: Information Clarification Extent (ICE1) comparison chart 
 
Whilst the number of information clarifications helps to determine if deficiencies in 
the design and documentation process exist (ICE1), the time taken to respond to 
these requests helps to provide an indication of how severe those deficiencies 
are, especially where delays in responding to the requests, subsequently delay 
the project.  As indicated above, it was not possible with the information provided 
to calculate an ICS result for the Wonga Beach State School project.  As an ICS 
indicator is only a means to establish the severity of any perceived deficiencies 
and as there appears to have been no major problems with the documentation 
on the Wonga Beach State School project an ICS calculation may have simply 
confirmed the results of the ICE1 calculation.  On the other hand, an ICS 
calculation may have established, in spite of a greater standard of 
documentation, whether the project suffered any undue delay as a result of 
delays in responding to RFIs, and thus evidence of poor communications. 
 
6.8.1 Summary 
 
With the Christensens Road State School project, the eProject aspect did not 
appear to make any procedural difference to the manner in which the 
management of the project was conducted.  Unlike project portals such as 
Project Web, or ProjectCentre, eProject did not offer the benefits of a complete 
online, interactive, document / communications management system.  The 
eProject system in this case was mainly a means of creating an historical record of 
the project – and unfortunately in this case – an incomplete one.  If we had had a 
Christensen’s Road
Wonga Beach
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complete data record for the Case Study project, the actual differences 
between performance indicators may well have been different. 
 
In conclusion the figures appear to indicate that the Benchmark project (Wonga 
Beach State School) outperformed the Case Study project (Christensens Road 
State School).  It is unknown whether any other issues (unique to their locations) 
contributed to this difference.  However, due to the incomplete nature of the 
data for both projects it is not possible to conclusively demonstrate whether the 
benchmark project was in fact the better project.  Bear in mind that both projects 
used similar methods of project procurement, where all parties were using familiar 
practices in every respect in the day-to-day operations of the projects.  The only 
other factor that might have contributed to any performance differences might 
well have been the consultant groups for each project, but there is insufficient 
data to make any conclusions in this matter.  
 
Overall, due to the nature of the two projects, the data collected and the way in 
which communications were carried out, it is impossible to make any meaningful 
comparisons between the e-project system and the standard methods of 
communication.  Only when a project adopts and utilises the e-project process 
properly, will any proper comparison be able to be carried out.  
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7 Cost Benefit Analysis  
7.1 Introduction to Cost Benefit Analysis 
 
IT is a tool for changing or reorganising, which usually requires a considerable 
cash investment.  The adoption of a new technology brings a new level of risk to 
an organisations activity, whereby the cost involved in the implementation of 
new/alternate IT system is sometimes assumed to be absorbed into the ongoing 
expenses and benefits – that is, the assumption that the benefits justify the 
incurred costs, which is far from the truth.  
 
A high investment in IT consequently represents the highest ongoing capital 
expenditure in a company and senior management are, in many cases, 
unconvinced that their investment in IT has proven economically successful. 
Evaluation of the significant/potential 'claims' made on an IT resource is essential 
to help senior management prioritise various IT projects – that is, economical 
justification (cost benefit analysis) of an IT investment. (Remenyi et al., 1998).  
 
7.2 Why a Cost Benefit Analysis? 
 
Interest in the evaluation of IT in construction companies has increased over 
recent years, resulting in various practitioners and/or managers within the 
construction industry asking the question: why evaluate IT? The evaluation of IT is 
usually a difficult and sometimes costly process, which has to be made clear to 
everyone within the organisation, as to why there is a need for this process to be 
undertaken and can be undertaken for something as simple as the need to justify 
the replacing of a faulty/damaged keyboard or mouse for a computer. (Cost 
Benefit Analysis Guide for NIH Projects (1999), Remenyi et al., 1998) 
 
The CBA should match with the size, complexity and cost of the proposed project 
- i.e. managers need to decide the level of analysis necessary to ensure resources 
are effectively allocated to support this task.  Once this has been achieved, the 
CBA can provide the following benefits:  
• Provide a Business Case: Presenting an argument expressed in monetary 
value where the values are measured in savings, social benefits and 
reductions in future costs – that is, providing a basis for an informed 
decision to improve performance and comparison with other similarly 
assessed proposals. 
• Presents a Funding Plan: Due to most projects needing funding, CBA's 
identify the organisation’s benefits and provides a basis to distribute the 
projects costs equitably among the individual beneficiaries. 
• Marketing an Idea: Many projects do not pass the funding stage because 
of insufficient objective cases put forward to senior management 
demonstrating investment returns. CBA's can help turn an idea into reality. 
• Evaluate Success: CBA's can be used to evaluate the true overall value of 
a project – that is, actual costs and benefits after the event. (Fricker, 2000, 
Introduction to Cost Benefit Analysis for Program Managers, 1995) 
 
For the purpose of detailing the methodology by which the costs and benefits on 
the various ORCM case study and benchmark projects were analysed, an “IT in 
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Construction: Cost Benefit Analysis Methodology Report” had been prepared by 
ORCM Researchers (Weippert, et al., 2000). 
 
7.3 ORCM Cost Benefit Analysis Activities 
 
The only additional direct costs incurred were the costs of operating eProject.  
These costs included: 
• Site computer 
• Internet connection 
• eProject costs 
 
While the internet connection and electronic communication costs were 
additional costs, there was some reduction in the use of telephone and fax but 
this was not measured.  From comments made, it would appear that the 
participants found the use of eProject improved the communications between all 
the participants in the project.  However when financial documents or those 
needing signatures were required to be transmitted, hard copies continued to be 
used.  These communications benefits are intangible and thus difficult to cost as a 
benefit. 
 
The improved accuracy of information raises the quality of the information and 
should have a spin off in a better result even if it just reduces uncertainties.  Again 
these benefits are difficult to estimate but do appear to have been noted by the 
participants in their approval of eProject as an improvement in project 
communication.  Other benefits such as sending copies of correspondence to a 
large number of people simultaneously and not having to check on difficult to 
read hand writing or poor copies were not mentioned.   
 
The implementation costs were minimal in relation to the cost of the project.  The 
concern was more with getting appropriate and reliable internet access rather 
than the cost of doing so.  Any time saved through use of the system was easily 
lost on learning how to use the system but such “costs” would decline with 
practice and familiarity with the system.  It appeared that most of the participants 
regarded the use of eProject as trial and thus absorbed any problems in their 
learning phase.  Such costs and benefits are even more difficult to measure. 
 
Any cost-benefit analysis is of little consequence unless all participants in the 
project used the system as their main communication channel in an efficient 
manner.  eProject is only one part of a system which includes ePlan and 
eTendering and it is the integration of all three which will likely provide the main 
benefits.  The small costs of implementing eProject would indicate that benefits 
do not have to be large for there to be a positive net benefit. 
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8 2nd ORCM Questionnaire  
 
As a part of the Online Remote Construction Management project - in addition to 
the implementation of the ORCM IT Analysis Survey (Section 5), ORCM Case Study 
data collection activities (Section 2), benchmark analysis activities (Section 6) 
and cost benefit analysis activities (Section 7) - research and analysis was 
required of a more 'qualitative' or descriptive nature with regard to the level of 
'impact' the various ORCM Case Study project participants perceived the 
implementation of an IT tool and/or communication system's had on projects. The 
ORCM project received permission from Dr David Thorpe (ORCM Committee 
Member, Capability and Delivery Division, Queensland Department of Main 
Roads) to modify and use the original questionnaire, which was circulated 
amongst other Main Roads / ORCM Case Study Projects.  
 
8.1 Implementation of 2nd ORCM Questionnaire 
 
To help determine/evaluate (from the end users perspective) eProject's 
strengths/weakness; advantage/disadvantage; success/failures; areas for 
improvement; process and/or implementation gaps; future recommendations; 
etc., the following Christensens Road State School Case Study Project participants 
(who made use of eProject to generate, receive, store and/or disseminate all 
project related documentation, information and/or communication), were asked 
to respond to the 2nd ORCM Questionnaire: 
• Senior Project Manager (Project Services) 
• Information Technology (eProject) Project Officer (Project Services) 
 
The Superintendent (Project Services Queensland) was unavailable to complete 
the 2nd ORCM Questionnaire (due to other commitments and time constraints). 
Responses from the Superintendent may well have provided significant 
contributions to the analysis of responses. 
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9 Process Improvement 
9.1 Project Participant Recommendations for Improvement  
 
Through formal and informal discussions and interviews with the Christensens Road 
project participants, ORCM researchers were able to document various 
‘suggestions’ and recommendations regarding the implementation of IT tools 
and/or Web-based communication systems and processes (similar to eProject) on 
remote construction projects: 
• Training and system support are a must as there is a “long learning curve 
required to get staff up to speed on the technology as well as getting 
them thinking in a graphic way instead of a paper based way”. 
• All project participants and stakeholders need to be fully committed to 
using the new IT tool or communication system. 
• Legal issues need to be clarified. 
• Concerns about security of information need to be resolved and 
guidelines prepared – “where signed documents were required, hard 
copy were still used”. 
• A 'driver' of IT uptake for the project is essential. 
• Access to a 24-hour 'Help Desk' is essential. 
• Provide “adequate resource” the implementation of a new IT tool or 
communication systems”. 
• Test and trial the IT tool or communication system/process on a number of 
different projects prior to final (compulsory/committed) implementation 
on remote projects as new systems will be used “provided the system is 
fully developed and trailed before use”.  “The development [of eProject] 
was not totally completed before the project was tried out”. 
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10 ORCM Best Practice 
10.1 Critical Success Factors  
 
Through: implementing 2 ORCM questionnaires (Section 5 and 8); carrying out 
formal and informal interviews (Sections 2.1.1, 3.2 and 9); and by undertaking 
extensive Benchmarking (Section 6) and Cost Benefit Analysis (Section 7) activities 
- ORCM researchers identified the following success factors that would be critical 
in helping ensure successful implementation of IT tools and Web-based 
communication systems (similar to eProject) on geographically dispersed 
(remote) civil and building construction projects: 
• One System: One Project – One Team – One System: Project participants 
want to learn to use only one IT tool or Web-based communication system 
for ease of understanding its capabilities, etc: 
• System Compatibility: The capabilities and functionality have to be 
compatible with most other IT products and Web-based 
communication systems used in the industry – potentially saving 
overall implementation time, cost, labour, errors, etc. Application 
of a Web-based communication system must not be a “black box” 
of information processing. 
• Ease of Data Entry: Commonality of a Web-based communication 
system’s access features and ease of data entry is most important. 
Free access to downloadable and compatible readers and ‘plug-
ins’ for common access to data must be provided by IT tool and 
Web-based communication system developers. Either there is one 
industry/client wide system or there is a common user interface.  
• Fully resourced Implementation: Trialling an Web-based 
communication system (that has not had much exposure to 
industry participants) should be treated as a ‘special case’ with 
proper backing, support and experience from developers, 
implementers and researchers – i.e.: a new IT system should be fully 
resourced to ensure that all aspects are covered during the early 
stages of its implementation (e.g.: reliability, capability, etc. of 
essential project communications). 
• End User – Prime Focus: The end user is a key factor in gaining advantage 
from a Web-based communication system. Taking only the type or 
potential advantages, capabilities, etc of a newly developed IT tool or 
Web-based communication system into consideration is not enough 
during implementation. End user needs, expectations, requirements, 
recommendations, comments, etc must be a prime focus: 
• User v Quality and Accuracy: The quality and accuracy of any 
project related communication or information (electronic or paper 
based) is directly dependant on the user or creator of that piece 
of information or correspondence (with or without an IT tool) - 
technology alone is not enough to guarantee improved quality 
and accuracy of project related communications. 
• Trust: Implementing a new IT product or Web-based 
communication system must create a feeling of trust (reliability, 
relevance, need, etc.) for potential users. 
• Designed for the Construction Industry by the Construction 
Industry: Whilst developing a new IT product or Web-based 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part D: Case Study Report: Christensens Road State School 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 56 
communication system, the end users must be involved from the 
beginning to ensure a greater chance of successful IT uptake. 
• Training: Training in the use of a new Web-based communication system is 
essential. This includes continuous access to a telephonic or online 'Help 
Desk', regular onsite demonstrations and ‘refresher’ training sessions to 
ensure continuous learning and understanding of what the system is 
capable of, as well as recognising and accepting its limitations. 
• Commitment: All project participants and stakeholders need to be fully 
committed to using the new IT tool or Web-based communication system, 
with “buy in” and collaboration at the highest level within participating 
companies, thereby reassuring and guaranteeing potential users of a 
‘corporate commitment’. 
• IT Driver: Every project should have a ‘driver’ of IT uptake 
(Superintendent or equivalent), encouraging, supporting and 
monitoring its application and its use throughout all phases of a 
project. 
• Legal Issues: ORCM defined ‘Critical Success Factors’ are 
susceptible to the current legal status regarding electronic 
transmissions, the use of electronic signatures, etc. Commitment by 
both government and industry sectors is required to help develop 
more innovative strategies to build a stronger and more 
competitive construction industry. ORCM Committee Members 
and their organisations have sought legal advice regarding the 
use of electronic communications on both public and private 
sector projects. These legal investigations are aimed at 
strengthening organisational and individual legal status when 
utilising electronic transactions or communications on building and 
civil projects. With the introduction of an ‘Electronic Transaction 
Act’, current legal issues are likely to be strengthened when 
making use of electronic communications on projects and provide 
better management of risks such as:  
• Authenticity: This concerns the source of the communication - 
does it come from the apparent author? 
• Integrity: Whether or not the communication received is the 
same as that sent - has it been altered either in transmission or in 
storage? 
• Confidentiality: Controlling the disclosure of and access to the 
information contained in the communication. 
• Matters of evidence: This concerns e-communications meeting 
current evidentiary requirements in a court of law, for example, a 
handwritten signature. 
• Matters of jurisdiction: The electronic environment has no physical 
boundaries, unlike the physical or geographical boundaries of an 
individual state or country. This means that it may be uncertain 
which State’s or country’s laws will govern legal disputes about 
information placed on the Internet, or about commercial 
transactions made over the Internet. (Electronic Transactions Act, 
1999) 
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11 Conclusion 
 
ORCM ‘Critical Success Factors’ help reinforce the need for further research and 
development (R&D) of (a) innovative IT tools and Web-based communication 
systems, and (b) identifying improved implementation procedures and IT 
application opportunities within the construction industry. Continuous 
‘encouragement’ in using such innovative technologies will certainly help 
minimise current industry levels of resistance to change; organisational and 
cultural ‘barriers’; traditional work ‘habits’; and contribute to (from an end user’s 
perspective) resolving certain communication challenges and technical 
‘limitations’ (hardware, software, bandwidth, etc) as experienced on the ORCM 
projects.   
 
Finally, future research activities, similar to the Online Remote Construction Project 
(ORCM), will help enrich current levels of IT and Web-based communication 
system knowledge, awareness and skills of all industry stakeholders, inevitably 
resulting in a major social impact that will integrate the world of construction in a 
way the industry has never experienced before.   
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1. Introduction 
 
The Online Remote Construction Management (ORCM) project is a collaborative 
research project funded and supported by a number of industry, government 
and university based project partners. In general, the ORCM project aims to 
develop, trial and/or evaluate communications systems, which will allow 
collaborative design and construction to be undertaken between members of a 
geographically dispersed construction project consortium. Utilising sophisticated 
computing functionality together with advanced communications technology, 
such systems should substantially enhance the capacity of design and 
construction professional and trades personnel to improve the two-way flow of 
accurate, appropriate and timely information within and between central offices 
and project sites; to improve industry efficiency and competitiveness; to lower the 
effective cost of design and construction; and to improve the communication 
and working relationships of all parties.  
 
This report has been prepared to by the ORCM Research Team for reporting 
analysis results from the Brookstead to Pampas Reconstruction Case Study Project, 
located approximately 70km West of Toowoomba.  Under the various ORCM 
Partner Agreements, the ORCM Research Team is required to report on the results 
of individual case study projects1 as well as provide a consolidated project report 
at the conclusion of the ORCM project.  
                                                
1 The individual case study reports when prepared in accordance with the structure outlined in this 
report will satisfy DPW deliverables 3, 4, 6, 7, 8, and 9. 
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2. Brookstead to Pampas Reconstruction Case Study Project - Toowoomba 
District  
 
The Queensland Department of Main Roads (QDMR) Brookstead to Pampas Case 
Study Project was identified as a truly 'remote' Online Remote Construction 
Management (ORCM) case study project - located approximately 70km West of 
Toowoomba.  The project was completed in December 2000, with the support of 
the QDMR and Contractor (Davbridge Construction Pty Ltd) to implement 
ProjectCentre (Section 3), a web-based Project Management Communication 
System on the project and then use it as an ORCM case study project.  
 
At first, QDMR intended to provide the ORCM Research Team access to a 
traditionally delivered construction (benchmark) project of similar size, value, 
location (remoteness) etc, to that of the Brookstead to Pampas Reconstruction 
Case Study Project.  Unfortunately, project members decided to limit and finally 
terminate their use of ProjectCentre halfway through the project. 
 
ORCM Researchers attempted identifying the reasons as to why project members 
decided to discontinue the use of ProjectCentre by identifying implementation 
gaps, barriers, limitations and/or areas for improvement through formal and 
informal interviews (Section 2.1.1, 4 and 7).  
 
Dr David Thorpe (ORCM Committee Member, Capability and Delivery Division, 
QDMR) and the ORCM Research Team therefore decided that this project would 
be a 'stand-alone' case study project, used to provide benchmark data in 
evaluating the effectiveness (or lack of) of implementing electronic 
communication facilities (including ProjectCentre) on future construction/civil 
projects. 
2.1. Data Collection Activities 
 
Research activities, promoting an in-depth investigation into the Brookstead to 
Pampas Case Study Project, concentrated on collecting and classifying various 
communication data originating from, or directed to and/or through the various 
project participants.  
 
Members of the ORCM Research Team accompanied Dr David Thorpe to a 
meeting held in Toowoomba with district personnel in March 2000 to introduce 
the ORCM project.  Additionally members of the ORCM Research Team attended 
the QDMR and Davbridge Construction Pty Ltd (Contractor) contract pre-start 
meeting in Toowoomba in March 2000 to ensure Davbridge’s involvement in the 
ORCM Project.  
 
2.1.1. Site Visits 
On it being agreed that the Brookstead to Pampas Case Study project 
participants would use ProjectCentre for their project related documentation and 
communication, a visit by ORCM Researchers to the Toowoomba District office 
and project site office was undertaken in March 2000.  During the visit, formal and 
informal interviews as well as general discussions were undertaken with 
consultants, site staff and other project members.  
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2.1.2. Collection of Data 
It was intended for data to be from the date construction commenced (March 
2000) until its completion in December 2000.  Project data was collected as part 
of the process of using the system.  The ORCM Research Team and the 
ProjectCentre software development team developed a 'data mining’ program 
to assist in retrieving the specified data, thereby ensuring no data was overlooked 
since all dates, times, and communications were digitally stored on the system as 
it was used, requiring no double entry of data, nor additional effort from users.  
Typically, contract documentation such as tendering information was excluded, 
as the ORCM Research Team believe that the contractual process of the project 
could not be influenced.   
 
2.2. Project Description 
 
A general description of the Brookstead to Pampas Reconstruction Case Study 
Project's statistics is as follows: 
 
• Client     : Queensland Department of Main 
Roads 
 (QDMR) 
• Value at completion   : $ 3.6 million 
• Project description  : 4.4km full reconstruction to 10m 
formation  
including major culvert widening at 
the North branch of the Condamine 
River. 
• Delivery system   : RCC (AS2124) Open Tender Contract 
• Contract time    : 9 Months 
• Completion date   : 24 December 2000 
• Primary Contractor   : Davbridge Constructions Pty Ltd 
• Information Technology  : ProjectCentre 
 
2.3. Brookstead to Pampas Case Study Project Organisation Structure 
 
The Case Study ‘project team’ who used ProjectCentre consisted of a wide range 
of participants. Figure 2-1 provides an outline of the Brookstead to Pampas Case 
Study Project's organisational, communication and contractual reporting 
structures. 
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 Contractor 
(Davbridge Constructions Pty Ltd) 
Principal 
(Department of Main Roads) 
Principal’s Representative 
(Brian Luttrell) 
Superintendent Representative 
(Cameron Currie) 
Superintendent for Contract 
(Gerald Murphy) 
Engineer Assisting Superintendent
(Mike Harris) 
Inspector 
(Michael Humm) 
Company Director 
(Ray Davies) 
Supervisor 
(Wayne Hopgood) 
Project Manager/Engineer 
(Michael Smith) 
Site Engineer/CQR 
(Cheryl Johnson) 
KEY: 
 
Reporting 
 
Communication 
 
 
Figure 2-1 Brookstead to Pampas Case Study Project – Organisational, 
Communication and Contractual Flow Diagram 
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3. Information Technology Utilised 
3.1. ProjectCentre 
 
ProjectCentre is a “project web portal” or web-based project management 
system for construction industry projects. A web browser is all that is required by 
the project team to gain access to, or transmit project documents from any 
location where Internet services are provided.  There is no need for the purchase 
or installation of software nor the download of plug-ins, applets, 'java runtime 
environments', or anything else to use ProjectCentre.  There is, however, a set-up 
cost and weekly usage charge to be covered by the project team. . A password 
is required for members of the project team to access most of the features of 
ProjectCentre.  Project team members can send, receive and manage 
correspondence, requests for information, instructions, variations, drawings and 
the many other documents involved in the construction process. 
 
ProjectCentre also provides a full document management system and bureau 
printing services on-line.  Printed project documents can be ordered on-line and 
delivered to one or more project team offices or on-site through a network of 
printing services currently in Brisbane, Sydney, Melbourne and Adelaide.  This 
bureau service is being expanded to other states and countries in the region.  
 
For more information on the ProjectCentre System, visit their web site 
http://www.projectcentre.net/. 
 
It was intended for ProjectCentre to be the IT medium for project 
communications and document control throughout various phases of the 
Brookstead to Pampas Case Study Project. Research activities on this project 
began by concentrating on collecting and classifying the communication data 
created whilst ProjectCentre was being used. ProjectCentre converted various 
QDMR standard forms and documents into electronic format for use on the 
system. 
 
3.2. ProjectCentre Training 
 
After a noticeable period of not using of the ProjectCentre system (4 months into 
the project),  Abramo Papp (ORCM Committee Member and ProjectCentre 
Administrator), accompanied by members of the ORCM Research Team, 
provided an on-site ProjectCentre training session (June 2000) for the Brookstead 
to Pampas Case Study Projects site personnel (QDMR and Davbridge 
Construction).  The main purpose of the training session was to allow project team 
members to familiarise themselves with the use and capabilities of the 
ProjectCentre system.  
 
3.3. Online Remote Construction Management Technology Review 
 
To establish the current state of the use of communications and information 
technologies (IT) in the Brookstead to Pampas Case Study Project organisations, a 
series of interviews were undertaken by Dr John Crawford (Principal Experimental 
Scientist - CSIRO), accompanied by ORCM Researchers, in May 2000. Project 
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participants from QDMR and ProjectCentre, were asked to respond to various IT 
issues (below) and comment on their view of the company’s approach relating 
to the use and influence of communications and information technology in the 
industry in general, but more importantly, how it relates to the Brookstead to 
Pampas Case Study Project.  
 
Responses, results and recommendations to the IT issues in relation to all 5 ORCM 
Case Study Projects and/or project partner organisations placed under 
investigation by John Crawford and ORCM Researchers, can be viewed in the 
September 2000 Report: "Technology Review for Online Remote Construction 
Management (ORCM) Project" (Crawford, et. al. 2000).  
 
3.3.1. Information Technology Issues Under Investigation 
 
• Existing Systems in Use 
• General description 
• Communications 
• Computers 
• Project Management functions 
• Databases 
• Computer-Aided Design (CAD) 
• Internet and Web 
• Archiving and file back-up 
• Field hardware 
 
• Potential of Existing system 
• Unutilised capabilities 
• Future developments being put in place in existing systems. 
 
3.3.2. Results and Recommendations 
Below, an extract of results, recommendations and observations documented in 
Crawford, et. al. (2000) pertaining to QMDR and ProjectCentre interviews: 
 
With the IT revolution engulfing the building, construction and engineering 
industries, the two larger organisations, QDMR and Project Services, again are 
committed to the ideals of the ORCM but would appear to have more resources 
to devote to these outcomes.  Both groups have been through the document 
management stage, and QDMR are taking significant steps towards fully 
integrated project management, while Project Services are well down the track 
of workflow management in their development and implementation of project 
management systems and their Electronic Plan Room. 
 
Wider-spread implementation of an Internet-based project management system 
for QDMR is seen as a logical next step towards raising the level of IT sophistication 
in their operations.  Perhaps unlike the other ORCM participants, QDMR have 
some particular issues in dealing with actual “remote” sites (that is, remote for 
both transport and communications, as compared to sites which are simply 
“distant” from other offices), and so will have special needs for implementation of 
solutions which other participants may not require. 
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4. Information Technology (IT) Analysis Framework 
4.1. Background 
 
Construction is a fragmented industry, with numerous design firms, contractors, 
subcontractors, and suppliers involved in almost any project. Computers can 
provide unifying modelling, management and communications systems to bring 
the unique talents of these parties together in a more productive and integrated 
manner. Leading consulting and construction firms are increasingly recognising 
computers as a strategic technology, and it is very probable that these firms will 
be the ones who will ensure the industries success in the next century (Paulson, 
1995). 
 
The construction industry is making insufficient use of transferring project data and 
information electronically. McCaffer et. al. (1991) comments that data exchange 
between project participants is still largely undertaken on paper.  Further, the 
construction industry has been identified as not having a coherent and 
integrated computer system that encompasses the whole of the construction 
process from design through construction to final account and facilities 
management, even though the existing technology can make this possible. 
 
A Business Technology Survey (Australian Bureau of Statistics, 1997-98) measured 
business use of information technology and telecommunications (ITandT) 
including the Internet. The results were based on a sample of 6,800 Australian 
businesses.  The results of the survey are reproduced in Table 4-1, where access to 
the Internet, for example, was highest in mining (47%), property and business 
services (46%), and communication services (45%).  In contrast, industries such as 
accommodation, cafes and restaurants (16%), retail trade (17%), construction 
(20%) and transport and storage (20%) were among those with the lowest 
proportion of Internet access.  From the same survey, almost two-thirds of 
businesses report not having PC's, because the technology was 'not suited to the 
nature of the business' (Table 4-2 and Table 4-3).  One-third of businesses reported 
cost was a barrier to adopting PC's. 60% of businesses with PC's had no Internet 
access because it was 'not suited to the nature of the business', and two-thirds 
cited cost as a barrier to acquiring Internet access. 
 
Tucker et. al. (2000: 17) report that there have been few comprehensive 
benchmarking studies of IT use in the construction industry indicating that of those 
studies, most tend to be severely limited in scope and application. 
 
Of the available benchmarking methodologies, perhaps the most commonly 
adopted framework for the examination of IT usage is the “Strategic IT Health 
Check” as developed by Construct IT Centre of Excellence (1997a) in the United 
Kingdom. Despite its relatively wide adoption, the Strategic IT Health Check is also 
limited in its scope. Amongst other shortcomings, it is structured to evaluate the 
organisation and not the use if IT on a project. Tucker et. al. (2000: 18) conclude 
that a new information technology analysis framework is required to allow 
effective comparisons within and between projects and summarise their study 
into existing IT benchmarking methodologies and frameworks as follows: 
 
• The Construct IT Health Check is the only existing analysis framework that 
has been used in a number of countries.  
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• Almost all analysis of the use of IT in construction has been focused at the 
organisational level and the capabilities of applying IT. 
• The limitations of existing analysis frameworks are many and include: 
• The analyses are snapshots in time only. 
• There is minimal detail, with most focussing on a broad level of analysis 
(overview). 
• Benchmarking is minimal. 
• Benchmarking which has been done is only at a strategic level. 
• Very limited analysis has been attempted at the project level. 
• Information is almost all from interviews (subjective). 
• Poor reproducibility has limited comparisons of time (performance) 
and country. 
 
 
Table 4-1 Business Use of PCs and the Internet 
Industry PC's LAN/ WAN 
Internet 
Access 
Email 
Access 
Web 
Browser 
Access 
Web 
Site/ 
Home 
Page 
No. 
of 
Bus. 
 % % % % % % ,000 
Mining 78 38 46 45 43 19 2 
Manufacturing  69 21 31 29 25 8 48 
Construction 54 7 17 16 15 4 78 
Wholesale Trade 74 30 38 38 35 10 43 
Retail Trade 54 17 17 17 14 2 110 
Accommodation & 
Restaurants 45 8 14 12 13 5 31 
Transport & Storage 54 15 20 19 15 5 31 
Communication 
Services 73 17 45 45 38 13 3 
Finance & 
Insurance's 74 27 39 37 34 12 18 
Property & Business 
Services 78 30 44 43 39 8 142 
Health & Community 
Services 69 20 33 32 30 5 49 
Cultural & 
Recreational 
Services 
64 18 33 33 30 13 15 
Personal & Other 
Services 42 12 20 20 18 9 33 
Total/Average 64 20 31 30 27 9 603 
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Table 4-2 Benefits of Business Use of the Internet 
Industry 
Reduced 
Business 
Cost 
Broader 
Client 
Exposure 
Better 
Access to 
Information 
Business 
Across 
Time 
Zones 
Improving 
Customer 
Satisfaction 
No. 
Of 
Bus. 
 % % % % % ,000 
Mining 31 27 92 43 12 1 
Manufacturing  22 30 71 27 21 15 
Construction 15 17 84 17 8 14 
Wholesale Trade 35 33 88 43 21 17 
Retail Trade 23 14 84 15 16 19 
Accommodation 
& Restaurants 
12 41 78 15 24 4 
Transport & 
Storage 
46 42 88 45 23 6 
Communication 
Services 
40 41 83 9 23 1 
Finance & 
Insurance's 
14 40 92 53 23 7 
Property & 
Business Services 
33 29 90 36 34 63 
Health & 
Community 
Services 
22 15 88 16 13 16 
Cultural & 
Recreational 
Services 
21 35 84 31 14 5 
Personal & Other 
Services 
24 22 87 18 16 7 
Total/Average 27 27 86 30 23 174 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4-3 Barriers of Business Use of the Internet 
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Industry 
Not 
Suited to 
Nature 
of 
Business 
Cost 
Lack of 
Skill or 
Training 
Other 
Businesses 
with PC's 
but No 
Internet 
Access 
Businesses 
with PC's 
but No 
Internet 
Access 
 % % % % 
% of All 
Businesses 
With PC's 
,000 
Mining 58 26 20 25 41 1 
Manufacturing  66 21 17 25 56 19 
Construction 63 25 22 20 68 29 
Wholesale Trade 59 26 26 30 48 15 
Retail Trade 74 37 28 19 69 41 
Accommodation 
& Restaurants 
60 34 28 27 68 9 
Transport & 
Storage 
49 36 31 21 63 10 
Communication 
Services 
51 0 0 0 38 1 
Finance & 
Insurance's 
62 17 28 25 48 6 
Property & 
Business Services 
48 27 19 34 44 48 
Health & 
Community 
Services 
56 36 26 32 52 18 
Cultural & 
Recreational 
Services 
54 42 13 34 49 5 
Personal & Other 
Services 
72 34 33 9 51 7 
Total/Average 60 30 24 26 55 209 
 
 
4.2. Information Technology Analysis Framework for the Acton Peninsula 
 
The Acton Peninsula Development Project located in Canberra, comprises of the 
National Museum and the Australian Institute of Aboriginal and Torres Strait 
Islander Studies, and is the first major building development in Australia awarded 
on the basis of a joint alliance contract, including the building and services 
contractor. 
 
As a part of a major research project surrounding the Acton Peninsula 
Development, researchers have developed a framework for reporting on lessons 
learned about the application of IT in construction during the design, construction 
and project management. The main focus of this framework is the use of IT in the 
design, construction and project management functi 
 
The “Information Technology Analysis Framework for Acton Peninsula Project” 
(Tucker et al, 2000) specifically examined IT implementation from seven 
perspectives: 
 
• Information technology; 
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• User utility; 
• Project organisation; 
• Project management functions; 
• Benefits; 
• Value-adding; and 
• Competitive positioning. 
 
4.3. ORCM Application of the Information Technology Analysis Framework for 
the Acton Peninsula 
 
As a part of the Online Remote Construction Management project, research is 
required into the benefits of IT implementation into the construction industry. To 
ensure the original Information Technology Analysis Survey could be administered 
without delay on the various ORCM case study projects, it was proposed that the 
Information Technology Analysis Framework for Acton Peninsular Project (Tucker 
et al, 2000) be utilised in the evaluation of IT implementation, as well as the 
benefits, advantages and barriers to that implementation. 
 
The QUT researchers associated with the ORCM project received permission to 
use and modify the framework from the publication authors (CSIRO, Griffith 
University and QUT).  
 
4.4. ORCM Aim for the Information Technology Analysis Survey 
 
The aim of the ORCM Information Technology Analysis Survey is to report on 
lessons learned regarding the application of IT during the design, construction 
and project management phases of the project - i.e. to examine the project and 
organisational level of IT implementation and application, as well as potential 
benefits, advantages and/or barriers the project and/or organisation 
experienced by that implementation.  
 
4.5. ORCM Implementation of the Information Technology Analysis Survey 
 
The following project participants from the Brookstead to Pampas Case Study 
Project who made use of ProjectCentre to generate, receive, store and/or 
disseminate all project related documentation, information and/or 
communication, completed the ORCM Information Technology Analysis Survey: 
 
• Project Manager 
• Superintendent Representative 
• Engineer 
 
The ORCM IT Analysis Survey had first been distributed amongst the project site 
staff in September 2000 (via ProjectCentre). Unfortunately, the survey was not 
completed due to Brookstead to Pampas Case Study project team members' 
limited use of ProjectCentre on the project. To ensure the survey was filled in and 
to determine any reasons as to why the use of ProjectCentre had been 
terminated, members of the ORCM Research team met the projects 
Superintendent's Representative at the QDMR Regional Office in Toowoomba in 
December 2000.  The ORCM IT Analysis Survey was redistributed and responses 
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analyzed and assessed in accordance with the framework proposed in 
Information Technology Analysis Framework.  
 
4.6. ORCM Information Technology Analysis Survey - Section Breakdown 
4.6.1. Section 1 – General Information 
In the first section of the ORCM Information Technology Analysis Survey, ORCM 
Researchers asked the Brookstead to Pampas Case Study project participants 
who used ProjectCentre on the project, to provide a general background to their 
role in the project as well as provide a record of past and/or existing levels of IT 
‘exposure’ and/or experience on projects. 
 
4.6.2. Section 2 – Seven IT implementation Perspectives 
To determine the project and organisational level of IT implementation and 
application, as well as potential benefits, advantages and/or barriers the project 
and/or organisation experienced by that implementation during the design, 
construction and project management phases of the project, the ORCM 
Information Technology Analysis Survey specifically examined IT implementation 
from 7 different but inter-connected perspectives (Figure 4-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-1 Seven IT Implementation Perspectives (Tucker et al, 2000) 
 
Key to Figure 4-1: 
Perspective Defined 
1. Information 
Technology  
:  This perspective is the centre of the framework.  It focuses 
on the IT tools used and addresses their technical aspects. 
2. User Utility  :  Concerned with user satisfaction and perceived value of IT 
use.  User satisfaction is expected to play an important role 
in the overall evaluation of the IT tool.  From the user’s 
perspective, the value of the tool is based largely on the 
extent to which it helps the user do the job more efficiently 
and effectively.  This perspective covers usage-related 
issues of interest to users who interact with the IT tools.   
3. Project 
Organisation  
:  This perspective deals with the role IT plays in facilitating the 
integration of project participants. 
   
Valu e-add ing  Enhanc ed D elivery 
Proc ess
Strategic 
Posit ion ing  
Strateg ic  
Im pacts  
Project 
M anagem ent 
Fun ctio ns 
Prod uctivity   
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Project 
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  Integration
B enefits
T angible &  
Intangible  
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Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part E: Case Study Report: Toowoomba 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 15 
4. Project 
Management  
:  This perspective examines the impact of IT on project 
management functional goals, mainly in the areas of 
information needs, quality and timeliness within the 
context of design, construction and project management 
functions. The measurement and evaluation of project 
management functions should yield useful data about the 
impact IT has on the productivity and efficiency of these 
functions. 
5. Benefits  :  This perspective investigates the link between IT 
implementation and any project-related short-term 
benefits.  The perspective includes both tangible and 
intangible benefits.  Tangible benefits such as time and 
cost savings are expected due to the reduction of paper-
based workload, faster response times and less rework.  
Intangible benefits may include process flexibility in 
generating, handling and manipulating data, ease of 
workload, and ability to detect errors or inconsistencies. 
6. Value-adding  :  Capturing the relationship between IT implementation and 
the overall project delivery process and is a much broader 
concept than that of the benefits perspective.  It 
examines the perceived value-added aspect of the 
process in terms of generating business value to the client 
(delivering a project through a more robust delivery 
process) as well as to all project stakeholders (cultural 
change and extended partnerships). 
7. Strategic 
Positioning  
:  In addition to evaluating IT use in a particular project, there 
is also a need to measure and evaluate IT contribution to 
the strategic capability of the organisation.  This 
perspective assesses the impact IT has on the organisation 
at the strategic level.  It is concerned with how lessons 
learned in this project are disseminated and hence 
contributed to the strategic positioning of the 
organisation.  For example, how benefits achieved are 
being translated into an increased organisational 
capability and the ability to view IT as an integral part of 
future business and project activities. 
 
 
4.7. ORCM Information Technology Analysis Survey Results 
 
Responses, ratings, comments and/or suggestions made by the Brookstead to 
Pampas Case Study project participants were analysed and assessed in 
accordance with the framework proposed in the (Kajewski, et. al. 1999).  
 
4.7.1. Results - Section 1 (General Information) 
Results obtained from the project participants and/or users of the ProjectCentre 
system, are shown in Figure 4-2.  
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Figure 4-2 Brookstead to Pampas Case Study Project Results - General 
Information  
 
Referring to Figure 4-2, project participants provided the following 'general' 
information, enabling ORCM Researchers to determine a record and 
rating/percentage (%) for each criterion, including:  
 
1. Prior to this project, have they used computers in their work before?  
 
• 100% of the project participants said yes to having used computers in their 
work (prior to this project). 
 
2. If yes in what capacity - i.e.: pricing/costing; Word-processing; programming; 
cost control; drawing/design; email; Web-based applications; e-Commerce; 
e-Procurement; and/or other?  
 
• 100% project participants have accessed or are using email for this and/or 
other project related communications, whereas 67% have accessed or 
are using World Wide Web (WWW) facilities at work. 
• 100% have or are using Microsoft Office software (Word 98), Word Pro and 
Lotus Notes 123 for most of their documentation activities on projects.  
• 100% have or are using Microsoft Office Excel for project related 
documentation.  
• 100% used or found the need to access email and 67% the World Wide 
Web (www) for communication purposes on this and other projects. 
• 100% use or have used Project Management software’s: Microsoft Project, 
Primavera or Suretrak. 
• Only 33% use or have used Pastel as a cost control software. 
• None (0%) of those who took part in the survey use eCommerce or 
eProcurement facilities on projects. 
• Only 33% have or are using Computer Aided Drawing (CAD) software’s: 
AutoCAD or Moss throughout the various phases of projects. 
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• 100% have or are using 'conventional' or 'traditional' forms of 
communication (facsimile, telephone, radio, etc) on past and current 
projects. 
 
3. Have they used computers at home, office and/or Internet-café etc.?  
 
• 100% have or are finding the need to use a computer at work and at 
home. 
 
4. Approximately how much of their work on this project requires a computer? 
 
• 33% of the project participants stated their work or role on this project 
required between 1% and 20% use of a computer, 33% requiring between 
21% and 40% and the remaining 33% requiring between 41% and 60% use 
and/or access to a computer for generating, accessing and/or receiving 
project related information. 
 
5. Do they believe computers have improved their work capabilities?  
 
• 100% of the project participants agreed that through the use of the 
various IT tools, software and/or communication systems (including 
ProjectCentre) on the Brookstead to Pampas Case Study project, 
improved their working capabilities throughout the various phases of the 
project. 
 
6. For any project information that they receive electronically, do they use 
and/or respond the information electronically?  
 
• 100% said they used the electronic format of the project related 
information they received electronically from other project participants - 
i.e. electronically (using a computer) saving, altering, reformatting, etc. 
the original piece of correspondence/information. 
• Yet, 67% actually responded electronically to the original project related 
information they received electronically from other project participants. 
Therefore the remaining 33% still print out hard copies (paper copy) of the 
original electronic correspondence/information, manually altering, 
attaching (staple), photocopying, filing (archive folders), etc. the paper 
version, then use 'traditional' forms of communication (i.e. facsimile, post, 
courier, etc) for further dissemination. 
 
For comparison purposes only, Figure 4-3 shows the combined/average result (%) 
calculated from the responses provided by project participants and/or users of 
the same or similar IT tools and/or communication systems implemented on the 
other 4 ORCM case study projects (i.e.: excluding Brookstead to Pampas) for the 
same General Information criteria (above). 
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Figure 4-3 Combined Results of 4 ORCM Case Study Projects - General 
Information  
 
Results show that the Brookstead to Pampas Case Study Project scores in Figure 
4-2 are (in some cases) well above the combined/average scores (%) obtained 
from the other 4 ORCM case study project participant responses (Figure 4-3) - i.e.: 
in relation to their IT strengths, weaknesses, 'exposure', experience, usage, etc. 
 
4.7.2. Results - Section 2 (Seven IT implementation Perspectives) 
Brookstead to Pampas Case Study project participants were asked to score each 
of the 7 perspectives, by choosing a number between 1 and 5 for each of the 
weighted criteria’s (Section 4.6.2). A score of 1 is described as being the lowest 
and 5 the highest score obtainable for any criteria within each perspective. All 
the scores were then combined and manipulated to get an overall percentage 
(%) or rating for each perspective.  Again a minimum rating of 0% and a 
maximum rating of 100% can be obtained - i.e. the rating determined the project 
participant’s overall level of satisfaction for each perspective in relation to the 
ProjectCentre system. 
 
Figure 4-4 shows percentage ratings for each of the 7 perspectives calculated 
from responses provided by Brookstead to Pampas Case Study project 
participants. 
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Figure 4-4 Brookstead to Pampas Case Study Project Results - 7 Perspectives 
Compared 
 
Figure 4-5 shows the combined result (%) obtained from the remaining 4 ORCM 
case study projects (i.e.: excluding the Brookstead to Pampas Case Study project) 
that took part in ORCM Information Technology Analysis Survey.  
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Figure 4-5 Combined Results of Remaining 4 ORCM Case Study Projects - 7 
Perspectives Compared 
 
Results (%) for each of the 7 perspectives obtained from the Brookstead to 
Pampas Case Study project participants (Figure 4-4) in relation to the results 
obtained from participants involved in the other 4 ORCM Case Study projects 
(Figure 4-5) are as follows:  
 
1. Information Technology:  The Brookstead to Pampas Case Study Project 
rate of 55% (Figure 4-4) is 16% less than the combined/average rate of 71% 
for the other 4 ORCM projects (Figure 4-5), for using the same or similar IT 
tools and/or communication systems. The assessment criteria pertaining to 
this perspective include the following IT issues: 
• Reliability 
• Secureness against unauthorised use 
• User-friendliness 
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• Appropriateness for the application/function 
• Suitability for site conditions (if applicable) 
 
2. User Utility:  Results show that Brookstead to Pampas Case Study project 
participants (Figure 4-4) rated the User Utility perspective of ProjectCentre 
- i.e. the extent to which ProjectCentre helped the user do the job more 
efficiently and effectively - 2% above the combined/average rate of the 
other 4 ORCM Case Study projects (Figure 4-5), for using the same or 
similar IT tools and/or communication systems. User Utility issues include:  
• Level and frequency of IT tool use (d) most  
• Level and frequency of training provided 
• Level and frequency of technical support provided 
• Accuracy and quality of the tool/system output 
 
3. Project Organisation:  Brookstead to Pampas Case Study project 
participants rated the role ProjectCentre plays in facilitating the 
integration of project participants at 48% (Figure 4-4) - i.e. 20% below the 
combined/average score of 68% obtained from participants involved in 
the other 4 ORCM Case Study projects (Figure 4-5), for using the same or 
similar IT tools and/or communication systems. As a result, Brookstead to 
Pampas Case Study project participants, believe that the use and 
implementation of ProjectCentre on the Brookstead to Pampas Case 
Study project did not significantly: 
• Enhance coordination between project participants 
• Reduce response time to answer queries 
• Establish and support the project team 
• Empower participants to make decisions 
 
4. Project Management Functions:  The impact ProjectCentre had on the 
productivity and efficiency of project management functional goals - i.e. 
information needs, quality and timeliness within the context of design, 
construction and project management functions - were rated at 58% 
(Figure 4-4) by Brookstead to Pampas Case Study project participants. This 
is 13% below the combined/average score of 71% (Figure 4-5) obtained 
from participants involved in the other 4 ORCM Case Study projects, for 
using the same or similar IT tools and/or communication systems. Therefore 
Brookstead to Pampas Case Study project participants rated 
ProjectCentre's ability to satisfy the project management functional goals, 
in relation to the assessment criteria as average - i.e. not totally convinced 
with its:  
• Facilitation of document transfer and handling 
• Keeping of and ability to update records 
• Immediate reporting and receiving feedback capabilities 
• Ability to identify errors and/or inconsistencies 
 
5. Benefits:  The link between ProjectCentre implementation and any 
project-related short-term benefits (both tangible and intangible) was 
given a 48% rating  by the Brookstead to Pampas Case Study project 
participants and/or users of ProjectCentre (Figure 4-4). Participants 
involved in the other 4 ORCM Case Study projects scored the use of the 
same or similar IT tools and/or communication systems at 63% (Figure 4-5). 
Results therefore indicate that Brookstead to Pampas Case Study project 
participants who took part in this survey, were not as convinced with the 
ProjectCentre’s ability to: 
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• Save time (e.g. processing, responding, etc) 
• Save cost (e.g., rework, travelling, overheads) 
• Improve document quality 
• Decrease number of design errors 
• Decrease number of RFIs 
 
6. Value-adding:  Brookstead to Pampas Case Study project participants 
obtained a rating of 49% (Figure 4-4) for the perceived value-adding 
aspect of implementing an overall project delivery process 
(ProjectCentre) on the project - i.e. 16% below the 65% (Figure 4-5) scored 
by participants involved in the other 4 ORCM Case Study projects, for 
using the same or similar IT tools and/or communication systems. Results 
therefore indicate a much lower level of satisfaction from the Brookstead 
to Pampas Case Study project participants in relation to ProjectCentre's 
ability to: 
• Lead to a more satisfied customer 
• Lead to more streamlined processes 
• Enable a cultural change among project members 
• Improve computer/IT literacy 
• Improve project communications 
 
7. Strategic Positioning:  The use of ProjectCentre on the Brookstead to 
Pampas Case Study Project, in relation to its contribution to the strategic 
capability and project activities of the organisation, received a rating of 
60% from it's participants (Figure 4-4) - i.e. only 5% below the 65% (Figure 
4-5) provided by participants involved in the other 4 ORCM Case Study 
projects, for using the same or similar IT tools and/or communication 
systems. Brookstead to Pampas Case Study project participants therefore 
provide a similar rating for the use and implementation of ProjectCentre 
on a project - i.e. in terms of ProjectCentre's ability to: 
• Enhance the organisation's image in the Industry 
• Attract more sophisticated clients 
• Increase the capability for global co-operation 
 
In summary, ratings (%) for the above 7 perspectives, according to responses from 
the Brookstead to Pampas Case Study Project (Figure 4-4) are ‘ranked’ in Table 
4-4, indicating project participants overall satisfaction in using ProjectCentre on 
the project: 
 
Table 4-4 Brookstead to Pampas Case Study Project – Ranking of 7 
Perspectives 
Ranking Perspective Rating (%) 
Level Of User Satisfaction And/Or 
Influence On The Project 
1st User Utility 65% Highest 
2nd Strategic Positioning 60% Average 
3rd Project Management 58% Average 
4th Information Technology 55% Below Average 
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5th Value Adding 49% Low 
6th 
Benefits and 
Project 
Organisation 
48% Lowest 
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5. Benchmarking Analysis 
 
Benchmarking can be described as 'a continuous, systematic process for 
evaluating the products, services, and work processes of organisations that are 
recognised as representing best practice for the purpose of organisational 
improvement' (Spendolini, 1992 and MacNeil, et al. 1993). 
 
For the purpose of detailing the methodology by which the benchmarking of 
information and communication flow data on the various ORCM case study and 
benchmark projects were analysed, an “IT in Construction: Benchmark 
Methodology Report” had been prepared by ORCM Researchers (Weippert, et 
al., 2000). 
 
In this section we consider the case study project in the detail possible from the 
data provided.  There was no project available against which to benchmark this 
case study and no benchmarking procedures were undertaken.  However, where 
possible, some comparisons are made to the Emerald Case Study Project (QDMR 
- West of Little Roundstone Creek) considered in an earlier ORCM report (Kajewski 
et al, 2001). 
 
5.1. Toowoomba (Brookstead to Pampas) Study Data Analysis  
 
As mentioned, the Brookstead to Pampas Case Study Project was for the full 
reconstruction of a 4.4 km road 70 km west of Toowoomba, valued at $3.6 million.  
The project team included, QDMR (Client / Design and documentation), and 
Davbridge Constructions Pty Ltd. as the construction manager.  This project was 
co-ordinated through the use of ProjectCentre, a web based data / 
communications coordination, and document control system. Delivery time for 
the project was 9 months, completed 24 December 2000.  
 
5.2. Use of Project Centre 
 
The ProjectCentre web site had all documents required available on line (Figure 
5-1) and the user needed only to select from the menu the desired form of 
communication, (e.g., Requests For Information (RFIs),  Site Instructions (SIs), 
memos, etc.) the item would open; automatically registering a new issue number, 
time, distribution list, etc.  The author of correspondence needed only to fill in the 
text of the message, affix any attachment files, amend the distribution list as 
required and proceed to send the communication. 
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Figure 5-1 An extract from the Project Centre graphic user interface – 
participants were able to make a selection of correspondence 
type 
 
As a report on the detailed operation of ProjectCentre is included in Section 3 of 
this report, we will not discuss how to use ProjectCentre here.  Comments 
however pertaining to particular highlights will be raised.  For example, of the 
many convenient features of ProjectCentre, one aspect was that users were 
reminded of outstanding items on their “to do lists” (Figure 5-2).  Once fully 
conversant with ProjectCentre, users might check the web site frequently to 
review their list, then review, resolve, and close items accordingly.  
 
Unfortunately ProjectCentre was not consistently used for this project.  The system 
was used in January 2000 (during pre-construction) to lodge the standard QDMR 
project forms. Then a gap of 4 months was recorded.  From June 2000 it was then 
used to some degree until December 2000.  This would appear to indicate that 
only a limited amount of the actual project correspondence data was included 
in the ProjectCentre database.  A breakdown of the level of activity within the 
ProjectCentre system is shown in Figure 5-3.  
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Figure 5-2 The ‘To Do” List on Project Centre 
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Figure 5-3 Total Recorded ProjectCentre Activity 
 
The data that was collected in the course of the project was provided in the form 
of a ‘Data Dump’ from ProjectCentre.  This was a MS Access database file from 
which the data was exported into a MS Excel spreadsheet for analysis.  The 
volume and quality of the record of information is dependent on the project 
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participants using ProjectCentre.  Participants would log on to the site, in most 
cases they would be presented with a “to do“ list (Figure 5-2), on which they 
would be able to check items requiring their attention. The system allows 
participants to nominate the status of items they are addressing (i.e.; initiated, 
closed, etc.). It was important for all transactions to be closed off once an issue 
was resolved to end a transaction activity. In the case where an issue was not 
properly closed, then determining when an item was resolved was difficult to 
confirm. 
 
In the case of Brookstead to Pampas Case Study Project, ProjectCentre was not 
used exclusively.  As demonstrated above, large gaps appear in the data.  This 
was a major barrier in achieving a meaningful result in this analysis. A set of key 
performance indicators should be calculated to compare this project with future 
benchmark projects.  However, without all the data, the calculation of such 
indicators is not viable, as any result determined would be meaningless. 
 
5.2.1. Communication Flows 
Excluding users logging onto the system and opening up their “To Do” lists, the 
ProjectCentre system database provided for this project logged a total of only 
248 actions over the duration of the project.  These actions included: 
 
• loading of standard forms • closing project documents 
• initiating project documents • inviting people to attend 
meetings 
• opening project documents • accept or reject meeting 
invitations 
• forwarding documents to 
others 
• system notices of other actions 
• responding to project 
documents 
 
 
However, of these 248 actions there were only 42 issues of actual correspondence 
raised.  When all the responses, forwards and ‘cc’ copies of the correspondences 
are taken into account, then the project produced only 102 actual items of 
communication within the ProjectCentre system.  The very small amount of 
information collected in this ORCM project reflects the fact that ProjectCentre 
was not used much for communications on this project.  A graphical 
representation of the extent of correspondence carried out on the project is 
shown in Figure 5-4 but the limited communications recorded means that no 
meaningful analysis is possible. 
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Figure 5-4 Information and communication flow map – Brookstead to Pampas 
Case Study Project 
5.2.2. The Data 
The contract period was 24 weeks, starting in March 2000.  As indicated 
previously, there were a total of 248 actions recorded by ProjectCentre.  A 
breakdown of the various types of actions recorded within the ProjectCentre 
system is shown in Figure 5-5.  
 
When you take out standard forms, system notices and other non-
correspondence type actions, there was only 102 actual communication items, 
which related to only 42 issues of actual correspondence raised.   
 
The amount of information collected in this ORCM project was very small and 
would appear to reflect either that the project was both quite simple and 
required little communication, or that not all communications were conducted 
through ProjectCentre. On this particular project, the latter appears to be the 
case. In the 2nd ORCM questionnaire (Section 7) one of the superintendents 
commented that some old habits are hard to kick, finding he was faxing, or simply 
walking to the construction Managers’ site office next door, rather than 
communicating via ProjectCentre.  From the second questionnaire, it was also 
apparent that web access was a problem.  This too may have been a factor in 
the minimal use of ProjectCentre, particularly on site, in such a remote location.  
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Figure 5-5 Breakdown of Recorded ProjectCentre Actions  
 
 
Some of the reasons for the lack of usage of ProjectCentre were raised in 
discussion earlier.  In Section 7 of this report, the opinions of project participants 
were further revealed, offering explanation as to why the system was not utilised 
at all at first, then later, not used exclusively.  Issues raised included: 
 
• No phone lines on site for the first 3 months of the project. 
• Poor (slow) Internet access was noted as being a barrier to using the 
system. 
• Conflict with the ORCM system and QDMR Document Management 
System- necessitated double entry of data into ProjectCentre, then the 
DMS (having to make hard copy of correspondence for files). 
• QDMR’s QA procedure required draft correspondence to be checked by 
a superior prior to distribution. 
• All stakeholders needed to have access to the system, if only for project 
progress / updates.  
• Insufficient training for those using the system. Those with the lowest 
computer literacy usually have the least time to learn the system. For 
example, the main contractor has the least time to train.  Since their 
selection is usually not definite until tenders close, and a Letter of 
Accepted sent out, they usually take possession of the site almost 
immediately. 
 
All these reasons above certainly contributed to all the members of the value 
chain not embracing the system, and using it regularly, causing it to be (at times) 
completely abandoned in favour of conventional methods of communication 
(i.e. fax, phone etc.), or used in conjunction with these methods.   
 
When we consider the proportion of communication carried out by the various 
participants, Figure 5-6 below illustrates that while the majority was carried out by 
the main project participants (QDMR and Davbridge Constructions), a significant 
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proportion (34%) was carried out by ProjectCentre staff and the project 
researchers on essentially non-project issues.  
 
QMR
51.0%
ProjectCentre
21.6%
Davbridge 
Constructions
15.7%
Researchers
11.8%
 
Figure 5-6  Breakdown of the volume of communication – by project 
participant 
 
This generally illustrates that there was a very uneven distribution of 
correspondence from the main project participants.  For example, QDMR, 
excluding the 30 standard forms, produced only 52 items of correspondence.  The 
construction manager had an even lower percentage of the correspondence, 
with only 16 items.  This would not really be typical for any kind of construction 
project.  Take for example the Emerald Case study project (West of Little 
Roundstone Creek).  There were 147 items of correspondence from the 
Construction manager alone, including the range of correspondence illustrated 
in the chart below (Figure 5-7). 
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Figure 5-7 Correspondence type- Construction Manager - Emerald Case 
Study (West of Little Roundstone Creek) 
 
In comparison, of the 16 items of correspondence from Davbridge Constructions, 
there were only 9 that they initiated for the whole project.  The chart below 
illustrates the classification of that correspondence (Figure 5-8).  Of these there 
were no RFIs, or any indication of Information clarifications (Tilley 2000) from which 
we could investigate the communication flows on the project. 
 
 
EOT
56%
Approval
11%
Variation
22%
General
11%
 
 
Figure 5-8 Correspondence type- Construction Manager - Toowoomba 
(Brookstead to Pampas Reconstruction) Case Study 
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5.2.3. Key Indicators 
The main aim of the data collection in these ORCM projects was to record 
communication flows.  It is also considered necessary to concentrate the 
research on those factors that are generated from a poor information flow 
processes (Tilley 2000).  Tilley suggested that these factors inevitably affect a 
project’s operational and decision making processes and eventuate as rework, 
RFIs, SIs and variations.  The cause, influence and effect that these factors have 
on a project can then be categorised into a variety of key indicators and 
classification systems.  In order to determine the validity of these types of 
indicators, accurate data relating to communication regarding the quality of 
design and documentation, needs to be obtained. 
 
Unfortunately, as the data obtained in the Brookstead to Pampas Case Study 
Project does not appear to be complete, the analysis of these key indicators will 
be inconclusive at best, or simply not possible to calculate.  As stated previously, 
the correspondence logged on ProjectCentre did not represent all of the 
correspondences including the types of key indicators mentioned above.  Since 
the use of ProjectCentre was not mandatory the comprehensiveness of the data 
is highly questionable. For example, at the time of writing this report several further 
phone interviews were conducted, and it was revealed, for example, that over a 
dozen RFIs were not recorded on ProjectCentre.  As a consequence, the analysis 
is somewhat less conclusive than it might have otherwise been had ProjectCentre 
been used exclusively, and comprehensively for the Brookstead to Pampas Case 
Study Project.  
 
From the communications that were recorded, we were able to determine the 
time taken to respond to those communications (see Figure 5-9).  Without specific 
data, such as  
• whether the correspondence was a result of an information clarification 
(information not obvious from the contract documents),  
• or without author defined response dates, 
it was not possible to isolate the performance indicators, nor was it possible to 
determine if responses to the initial correspondence were late, or the severity of 
the “lateness” when applicable.  
 
Without this information we are unfortunately unable to calculate the main 
performance indicators, such as the Information Clarification Extent (ICE) Index 
(Tilley 2000).   
 
5.2.4. Information Clarification Extent (ICE) Index 
To allow comparisons between different sizes and types of projects, a method to 
assess information clarifications in relation to these two variables was needed.  By 
dividing the number of information clarifications by the size and complexity factor 
of a project, we have a method that will allow this comparison (Tilley 2000) and 
(Tilley, 1998). 
 
 
DCV
N
ICE c×=1  
Where: Nc = number of information clarification type RFIs 
 CV = estimated final contract value ($100,000’s) 
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 D = Initial project duration (months) 
 
Since only 2 RFIs, a particularly notable indicator of poor communication flows, 
were recorded for the whole project, (and these were related to the research, 
not the actually construction process) we are not able to calculate an ICE for the 
project.  
 
However, Figure 5-9 (below) illustrates that correspondence was generally 
handled quite promptly, with 80 % of correspondences reviewed and resolved 
within 7 days (over 60% resolved in 2 days).  
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Figure 5-9 Timing of Resolved / Reviewed Correspondence 
 
As mentioned, there was no benchmark project actually selected for Brookstead 
to Pampas Case Study Project, but comparing the results of the correspondence 
responses indicated above to the Emerald ORCM case study at West of Little 
Roundstone Creek (Figure 5-9), it is interesting to note that Brookstead to Pampas 
Case Study Project had a slightly better performance with respect to time taken 
to respond to correspondence, compared with West of Little Roundstone Creek 
project.  
 
No real conclusions can be drawn from this, suffice to say that a pattern of 
punctual responses was apparent for the Brookstead to Pampas Case Study 
Project.  This might well have contributed to minimal delays of the project at least 
with respect to communication flows between stakeholders, but there is 
insufficient data to elaborate on this issue. 
 
5.3. Summary 
The Brookstead to Pampas Case Study Project had problems as a consequence 
of its remote location.  Firstly there were delays in phone lines on site.  Then once 
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connected, they had relatively slow access to the Internet.  Along with low IT 
literacy of participants (particularly on the side of the Construction manager in 
the view of QDMR), all these factors were deemed as the main barriers to the 
system (ProjectCentre) being used consistently, and for it to be by-passed in 
favour of more conventional means; i.e. verbally, fax, phone, and mail. 
 
With the Emerald ORCM case study project (West of Little Roundstone Creek), it 
was noted that the remoteness of the project added to some difficulty with 
respect to web access.  The comment was also made that as the complexity of 
the project was low, the need for 24-hour access to the web was not required, at 
least at the construction stage, and so non-continuous access did not hinder use 
of the system in the view of participants. 
 
Other disadvantages noted from both the second ORCM questionnaire, and 
interviews with other participants on the Brookstead to Pampas Case Study 
Project included:  
• Compliance to the QDMR document Management System necessitated 
a certain degree of double entry/ recording of correspondences sent via 
ProjectCentre.  
 
It seems this would have been fairly easy to avoid.  The ability to produce 
an electronic form makes the system adaptable to any QA system.  With 
this in mind, and given that the entire database collected in the course of 
the project can be (for a cost) reproduced in the form of the actual 
notice given on-line, (e.g., RFIs, contract notices, variations, memos, etc.) it 
is doubtless that a record compliant to the QDMR Document 
Management System could be reproduced. 
 
• QDMR’s QA procedure required draft correspondence to be checked by 
a superior prior to distribution. 
 
This would have impeded the immediacy of communicating over the 
system.  Drafts would have been required, typed, printed, checked, and 
then copied into the on-line forms in ProjectCentre (i.e. drafts could have 
done on an MSWord document, then cut and pasted from MSWord 
document direct into an on line form).  This is not an insurmountable 
problem, but a simple matter of “junior” members of the project team 
using the ORCM system as an Intranet (or virtual network) to their senior 
team members, and at least minimising the time and resources necessary 
to fulfil this QDMR requirement. 
 
In a discussion with a QDMR Site Inspector at the time of completing this report, 
further comments pertaining to specific advantages of the system were 
highlighted.  One advantage noted particularly was: 
 
• as the system recorded when, to whom, and from whom all 
correspondence was issued, then for critical issues in particular, such as 
notices pertaining to the contract, variations, and the like - these were 
entered into the system for the expressed purpose of ensuring that such 
important issues were recorded. 
 
It is clear from this comment, and comments from the second ORCM 
questionnaire, that the advantages of ORCM systems are well recognised 
by project participants, and if the numerous barriers to using the system 
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were overcome, it would likely be embraced wholeheartedly by 
participants (100% of participants recommended ProjectCentre on future 
construction projects (2nd ORCM Questionnaire, question 10)). 
 
From the outcomes covered in this analysis, it is absolutely clear that if adopting 
such an ORCM system, it needs to be used exclusively, for both consistency of 
information, and to ensure information is distributed formally (as required by the 
contract) and distributed to all parties.  The ease of distribution and access by the 
project team is uncomplicated, and consistent.  It is consistent in both method of 
delivery, and set out of documents / information, meaning problems with legibility 
are negligible, and recording of correspondence becomes effortless (no time 
taken for filing, no wasted space for hard copies, etc). 
 
There is a definite need to set up a case study with such an on - line remote 
management system, where it is used by all project participants exclusively, and 
no other form of communication is allowed.  Legal issues and QA documentation 
standards are, in the view of participants, not seen to represent any barrier to 
future exploitation of a system such as ProjectCentre.  
 
With respect to general participation levels experienced in both this and other 
ORCM case studies, the greatest barrier appears to be the “cultural” habits of 
those asked to use the system.  
 
Institutions choosing to pursue the ORCM approach to their projects (an 
inevitable outcome, given the acceptance / recognition of the benefits of 
systems such as ProjectCentre) will need to ensure all uses are well trained prior to 
project implementation (and that includes all members of the project “Value 
chain”).  All stakeholders must be sufficiently trained / prior to the project 
beginning.  Given the similarity between ORCM systems, an expectation that 
members of the value chain might be expected to be conversant with a system 
such as ProjectCentre might be quite reasonable, particularly if institutions such as 
QDMR makes such systems a mandatory prerequisite of project participants as set 
out in their pre qualification requirements (i.e. a requirement set out in the “Main 
Roads Pre-qualification System” - part of the “Main Roads Project Delivery 
System”).  This puts the onus (cost / time) on members of the value chain to seek 
training, equipment, etc in order to qualify for participation in QDMR projects.  This 
is certainly the direction the Construction Industry as a whole is moving toward 
(example of Bovis Lend Lease - be capable of using IT, or don’t bother tendering 
for their projects).   
 
Future projects utilizing systems such as ProjectCentre will further demonstrate the 
advantages achievable but unfortunately not comprehensively demonstrated in 
this case study.  
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6. Cost Benefit Analysis  
 
The “IT in Construction: Cost Benefit Analysis Methodology” report (Weippert, et. 
al, 2000) was prepared by ORCM Researchers for the purpose of detailing the 
methodology by which the cost benefit of information technology introduced 
into the various ORCM case study projects were assessed. 
 
IT is a tool for changing or reorganising that usually requires a considerable cash 
investment. The adoption of a new technology brings a new level of risk to an 
organisations activity, whereby the cost involved in the implementation of 
new/alternate IT system is sometimes assumed to be absorbed into the ongoing 
expenses and benefits – that is, the assumption that the benefits justify the 
incurred costs, which is far from the truth.  
 
A high investment in IT consequently represents the highest ongoing capital 
expenditure in a company and senior management are, in many cases, 
unconvinced that their investment in IT has proven economically successful. 
Evaluation of the significant/potential 'claims' made on an IT resource is essential 
to help senior management prioritise various IT projects – that is, economical 
justification (cost benefit analysis) of an IT investment. (Remenyi, et. al., 1998).  
 
Interest in the evaluation of IT in construction companies has increased over 
recent years, resulting in various practitioners and/or managers within the 
construction industry asking the question: why evaluate IT? The evaluation of IT is 
usually a difficult and sometimes costly process, which has to be made clear to 
everyone within the organisation, as to why there is a need for this process to be 
undertaken and can be undertaken for something as simple as the need to justify 
the replacing of a faulty/damaged keyboard or mouse for a computer. (Cost 
Benefit Analysis Guide for NIH Projects (1999), Remenyi, et. al., 1998) 
 
The Cost Benefit Analysis should match with the size, complexity and cost of the 
proposed project - i.e. managers need to decide the level of analysis necessary 
to ensure resources are effectively allocated to support this task.  Once this has 
been achieved, the Cost Benefit Analysis can provide the following benefits:  
• Provide a Business Case: 
Presenting an argument expressed in monetary value where the values 
are measured in savings, social benefits and reductions in future costs – 
that is, providing a basis for an informed decision to improve performance 
and comparison with other similarly assessed proposals. 
• Presents a Funding Plan: 
Due to most projects needing funding, CBA's identify the organisation’s 
benefits and provides a basis to distribute the projects costs equitably 
among the individual beneficiaries. 
• Marketing an Idea: 
Many projects do not pass the funding stage because of insufficient 
objective cases put forward to senior management demonstrating 
investment returns. CBA's can help turn an idea into reality. 
• Evaluate Success: 
CBA's can be used to evaluate the true overall value of a project – that is, 
actual costs and benefits after the event. (Fricker, 2000, Introduction to 
Cost Benefit Analysis for Program Managers, 1995) 
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6.1. ORCM Cost Benefit Analysis Activities 
 
The only additional direct costs incurred by the Brookstead to Pampas Case Study 
Project were the costs of operating ProjectCentre.  These costs included: 
• Site computer 
• Internet connection 
• ProjectCentre costs 
• Training costs 
 
While the internet connection and electronic communication costs were 
additional costs, there may have been some reduction in the use of telephone 
and fax but this was not measured and the limited use of ProjectCentre minimised 
any such savings.  Compliance to the QDMR document Management System 
also necessitated a certain degree of double entry/ recording of 
correspondences sent via ProjectCentre.  From comments made, it would 
appear that the participants found the use of ProjectCentre were unconvinced 
about improvements in the communications between all the participants in the 
project and the prospects for reducing costs.   
 
The implementation costs were minimal in relation to the cost of the project.  The 
concern was more with getting appropriate and reliable internet access rather 
than the cost of doing so.  Any time saved through use of the system was easily 
lost on learning how to use the system but such “costs” would decline with 
practice and familiarity with the system.  It appeared that most of the participants 
regarded the use of ProjectCentre as trial and thus absorbed any problems in 
their learning phase.  Such costs and benefits are even more difficult to measure. 
 
Any cost-benefit analysis is of little consequence unless all participants in the 
project used the system as their main communication channel in an efficient 
manner.  The small costs of implementing ProjectCentre would indicate that 
benefits do not have to be large for there to be a positive net benefit but none 
were evident on this project. 
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7. 2nd ORCM Questionnaire  
 
As a part of the ORCM, analysis was required of a more 'qualitative' or descriptive 
nature with regard to the level of 'impact' the various ORCM Case Study project 
participants perceived the implementation of an IT tool and/or communication 
system's had on projects. The ORCM project received permission from Dr David 
Thorpe (ORCM Committee Member, Capability and Delivery Division, QDMR) to 
modify and use the original questionnaire, which was circulated amongst other 
Main Roads / ORCM Case Study Projects.   
 
7.1. Implementation of 2nd ORCM Questionnaire 
 
To help determine/evaluate (from the end users perspective) ProjectCentre's 
strengths/weakness; advantage/disadvantage; success/failures; areas for 
improvement; process and/or implementation gaps; future recommendations; 
etc., the 2nd ORCM Questionnaire had been sent (via email) to Dr David Thorpe 
for distribution amongst the project participants in April 2001 and then again in 
May 2001. 
 
The following Brookstead to Pampas Case Study Project participants (who made 
use of ProjectCentre to generate, receive, store and/or disseminate all project 
related documentation, information and/or communication), completed the 
questionnaire: 
• Superintendent Representative 
• ProjectCentre Administrator 
 
Unfortunately the Contractor, Project Manager and Engineer were unavailable to 
complete the 2nd ORCM Questionnaire. 
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8. Best Practice 
8.1. Critical Success Factors  
 
By implementing 2 ORCM questionnaires (Section 4 and 7); carrying out formal 
and informal interviews (Section 2.1.1); and by undertaking extensive 
Benchmarking (Section 5) and Cost Benefit Analysis (Section 6) activities - ORCM 
researchers identified the following success factors that would be critical in 
helping ensure successful implementation of IT tools and Web-based 
communication systems (similar to ProjectCentre) on geographically dispersed 
(remote) civil and building construction projects: 
 
• Implementing a new IT product or Web-based communication system 
must create a feeling of trust (reliability, relevance, need, etc.) for 
potential users.  
• The end user is a key factor in gaining maximum advantage from an IT 
system - taking only the type or potential advantages of a newly 
developed IT tool or communication system into consideration, is not 
enough when implementing IT on any remote project site.  
• Therefore, whilst developing a new IT product or Web-based 
communication system, the end users must be involved from the 
beginning to ensure a greater chance of successful IT uptake – i.e.: 
designed for the construction industry by the construction industry. 
• Project Participants (including client, contractor, etc) choose to learn only 
one system to ensure continued / ease of use; understanding of capabilities 
/ limitations; etc.  
• The capabilities and functionality have to be compatible with most 
other IT products and Web-based communication systems used in 
the industry – potentially saving overall implementation time, cost, 
labour, errors, etc. Application of a Web-based communication 
system must not be a “black box” of information processing. 
• The quality and accuracy of any project related communication or 
information (electronic or paper based) will always be directly dependant 
on the user of the IT tool and/or creator of that piece of information or 
correspondence: 
• Technology alone is not enough to guarantee improved quality and 
accuracy of project related communications. 
• Therefore, training in the use of a new Web-based communication 
system is essential. This includes continuous access to a telephonic or 
online 'Help Desk', regular onsite demonstrations and ‘refresher’ 
training sessions to ensure continuous learning and understanding of 
what the system is capable of, as well as recognising and accepting 
its limitations - i.e. the system must not be a “black box” of 
information processing.  
• Trailing an incomplete system or one that has not had much exposure to 
industry participants should be treated as a ‘special case’ with sufficient 
backing, support and experience of developers, implementers and 
researchers – i.e.: fully resourced and “buy in” at the highest level of 
participating companies to ensure that all aspects are covered during the 
early stages of its implementation (e.g.: reliability, capability, etc. of 
essential project communications). 
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• Additionally, to ensure continued use of the system throughout any 
project, it is essential that project participants incorporate a ‘driver of 
IT uptake’ (project Superintendent or equivalent) - encouraging, 
supporting and monitoring its implementation and application 
throughout all phases of a project.  
• Current technical limitations and issues need to be resolved to gain further 
commitment from potential users – e.g.: increased bandwidth to be made 
available to ensure uninterrupted and timely transmittal of large (memory 
size and numbers) drawing files, digital photographs and video files, etc.  
• Finally, all ORCM defined ‘Critical Success Factors’ are susceptible to the 
current legal status regarding electronic transmissions, the use of 
electronic signatures, etc.  
• Commitment by both government and industry sectors is required to 
help develop more innovative strategies to build a stronger and 
more competitive construction industry.  
• ORCM Committee Members and their organisations have sought 
legal advice regarding the use of electronic communications on 
both public and private sector projects. These legal investigations 
are aimed at strengthening organisational and individual legal status 
when utilising electronic transactions or communications on building 
and civil projects.  
• With the introduction of an ‘Electronic Transaction Act’, current legal 
issues are likely to be strengthened when utilising electronic 
communications on projects, thereby providing better management 
of risks including: (Electronic Transactions Act, 1999) 
o Authenticity; 
o Security; 
o Integrity; 
o Confidentiality; 
o Matters of evidence; 
o Matters of jurisdiction.  
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9. Conclusion 
 
Continued research activities, similar to those of the Online Remote Construction 
Management (ORCM) Research Project will inevitably enhance current levels of IT 
and Web-based communication system knowledge, awareness and skills of all 
industry stakeholders and integrate the world of construction as never before 
experienced.  
  
Increased ‘encouragement’ in using innovative technologies will certainly help 
minimise current industry levels of resistance to change; organisational and 
cultural ‘barriers’; traditional work ‘habits’; and contribute to (from an end user’s 
perspective) resolving certain communication challenges and technical 
‘limitations’ (hardware, software, bandwidth, etc) as experienced on the ORCM 
projects.   
 
ORCM ‘Critical Success Factors’ (Section 8) help reinforce the need for further 
research and development (R&D) of (a) innovative IT tools and Web-based 
communication systems, and (b) identifying improved implementation 
procedures and IT application opportunities within the construction industry.  
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1. Introduction 
 
The Online Remote Construction Management (ORCM) project is a collaborative 
research project funded and supported by a number of industry, government 
and university based project partners.  In general, the ORCM project aims to 
develop, trial and/or evaluate communications systems, which will allow 
collaborative design and construction to be undertaken between members of a 
geographically dispersed construction project consortium.  Utilising sophisticated 
computing functionality together with advanced communications technology, 
such systems should substantially enhance the capacity of design and 
construction professional and trades personnel to improve the two-way flow of 
accurate, appropriate and timely information within and between central offices 
and project sites; to improve industry efficiency and competitiveness; to lower the 
effective cost of design and construction; and to improve the communication 
and working relationships of all parties. 
 
This report has been prepared to by the ORCM Research Team for reporting 
analysis results from the Aspley Leagues Club Case Study Project. Under the 
various ORCM Partner Agreements, the ORCM Research Team is required to 
report on the results of individual case study projects as well as provide a 
consolidated project report at the conclusion of the ORCM project.  
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2. Aspley Leagues Club Case Study Project  
 
Project Leaders and Hutchinson Builders identified the Aspley Leagues Club, 
located in a North Brisbane suburb (Aspley), as an Online Remote Construction 
Management (ORCM) case study project. Initial construction activities on the 
project had been temporarily suspended pending the resolution of certain client 
finance issues, yet ORCM data collection activities had commenced on the 
design phase of the Aspley Leagues Club prior to its temporary suspension. 
Construction activities/site operations for the project came to an end on 11 May 
2001 with the full support of the client for the project’s use as an ORCM case study 
project 
 
2.1 Data Collection Activities 
 
Research activities, promoting an in-depth investigation into the Aspley Leagues 
Club Case Study Project, concentrated on collecting and classifying various 
communication data originating from, or directed to and/or through the various 
project participants.  
 
2.1.1 Site Visits 
 
Due to Aspley Leagues Club Case Study project participants using ProjectCentre 
(refer   Section 3) for the majority of their project related documentation and 
communication, only one visit to the Aspley site office was required by ORCM 
Researchers towards the end of the project. During the visit, formal and informal 
interviews as well as general discussions were undertaken with consultants, site 
staff and other project members, which were then documented.  
 
2.1.2 Collection of Data 
 
ProjectCentre had been used on the Aspley Leagues Club from design through to 
end of construction phase. Members of the ORCM research and ProjectCentre 
software development team developed a data 'retrieval/mining program' to 
assist in extracting the communications data required for ORCM benchmarking 
activities. Project data was collected regularly and in a systematic manner 
thereby ensuring no data was overlooked.  This allowed the effectiveness and 
applicability of such ORCM systems to be benchmarked against traditional forms 
of design and construction management activities. Typically, contract 
documentation such as tendering information was excluded, as the ORCM 
Research Team believe that the contractual process of the project could not be 
influenced.   
 
Analysis of project data was done in accordance with the ORCM data Collection 
Methodology Report (Tilley P.A. 2000).  
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2.2 Project Description 
 
A general description of the Aspley Leagues Club Case Study Project's statistics is 
as follows: 
 
• Client    : Aspley Leagues Club 
• Value at completion  : $ 1.5 million 
• Project description : Clubhouse extensions and renovations. 
• Delivery system   : Traditional: Negotiated Design & Construct 
(D&C) 
• Contract time   : 48 weeks 
• Completion date   : May 2000 
• Primary Contractor  : Hutchinson Builders 
• Primary Consultant : Project Leaders Australia 
• Information Technology  : ProjectCentre 
 
2.2.1 Aspley Leagues Club Case Study Project Organisation Structure 
 
Members of the Aspley Leagues Club Case Study ‘project team’ who used 
ProjectCentre included the Client, Project Managers, Architect, Contractor and 
various Consultants and Sub-Contractors. Figure 2-1 provides an outline of the 
Aspley Leagues Club Case Study Project's organisational, communication and 
contractual reporting structures. 
 
 
 
 
Figure 2-1 Aspley Leagues Club Case Study Project – Organisational, 
Communication and Contractual Flow Diagram 
 
Project Manager  
(Hutchinson Builders / Project Leaders Australia) 
Authorities 
 
Contractor 
(Hutchinson Builders) 
Architect 
(Project Leaders Australia) 
Consultants 
(Various) 
Suppliers 
(Various) 
Sub-Contract
(Various) 
Client 
(Aspley Leagues Club) 
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3. Information Technology Utilised 
3.1 ProjectCentre 
 
A desktop computer with modem had been supplied and delivered to the 
Hutchinson Builders site office in Aspley by the ORCM Research Team. This 
enabled site staff to gain access to the Internet and make use of email and the 
ProjectCentre system. 
 
ProjectCentre was being used as the IT medium for project communications and 
document control throughout the various phases of the Aspley Leagues Club 
Case Study Project. Research activities on this project began by concentrating on 
collecting and classifying the communication data. Additionally, the ORCM 
Research Team and the ProjectCentre software development team developed a 
'data mining’ program to assist in retrieving the specified data.  
 
ProjectCentre is a “project web portal” or web-based project management 
system for construction industry projects. A web browser is all that is required by 
the project team to gain access to, or transmit project documents from any 
location where Internet services are provided. There is no need for the purchase 
or installation of software nor the download of plug-ins, applets, 'java runtime 
environments', or anything else to use ProjectCentre. There is, however, a set-up 
cost and weekly usage charge to be covered by the project team. 
 
Within ProjectCentre, there is a public area where the general public can review 
'project newsletters', 'sales information', and any other information the project 
team wish to make public. A password is required for members of the project 
team to access most of the features of ProjectCentre. Project team members 
send, receive and manage correspondence, requests for information, 
instructions, variations, drawings and the many other documents involved in the 
construction process.  
 
ProjectCentre also provides a full document management system and bureau 
printing services on- line. Printed project documents can be ordered on-line and 
delivered to one or more project team offices or on-site through a network of 
printing services currently in Brisbane, Sydney, Melbourne and Adelaide. This 
bureau service is being expanded to other states and countries in the region.  
 
For more information on the ProjectCentre System, visit their web site 
http://www.projectcentre.net/. 
 
3.2 ProjectCentre Training 
 
At the beginning of the Aspley leagues club project activities, members of the 
ORCM Research Team hosted and co-ordinated a ProjectCentre training session 
for the various design consultants and professionals involved on the project. The 
main purpose of the training session was to allow Aspley leagues club project 
team members to familiarise themselves with the use and capabilities of the 
ProjectCentre system. Additionally, Aspley site staff (Hutchinson Builders) 
requested a second ‘refresher’ ProjectCentre training session, which was 
provided by Abramo Papp (ORCM Committee Member & ProjectCentre Support) 
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on Thursday, 1 March 2001 – attendance: 1 staff member from Project Leaders 
Australia and 2 from Hutchinson Builders. 
 
3.3 Online Remote Construction Management (ORCM) Technology Review 
 
To establish the current state of the use of communications and information 
technologies (IT) in the organisations involved in the Aspley Leagues Club Case 
Study Project, a series of interviews were undertaken by Dr John Crawford 
(Principal Experimental Scientist - CSIRO), accompanied by ORCM Researchers, in 
May 2000. Project participants from Hutchinson Builders, Project Leaders Australia 
and ProjectCentre, were asked to respond to various IT issues (refer Section 3.3.1) 
and comment on their view of the company’s approach relating to the use and 
influence of communications and information technology in the industry in 
general, but more importantly, how it relates to current and future projects.  
 
Responses, results and recommendations to the IT issues in relation to all 5 ORCM 
Case Study Projects and/or project partner organisations placed under 
investigation by Dr John Crawford and ORCM Researchers, can be viewed in the 
September 2000 Report: "Technology Review for Online Remote Construction 
Management (ORCM) Project" (Crawford, et. al. 2000).  
 
3.3.1 Information Technology Issues Under Investigation 
 
• Existing Systems in Use 
• General description 
• Communications 
• Computers 
• Project Management functions 
• Databases 
• Computer-Aided Design (CAD) 
• Internet and Web 
• Archiving and file back-up 
• Field hardware 
• Potential of Existing system 
• Unutilised capabilities 
• Future developments being put in place in existing systems. 
 
3.3.2 Results and Recommendations 
 
To follow, an extract of the results, recommendations and observations 
documented in Crawford, et. al. (2000) pertaining to the Hutchinson Builders, 
Project Leaders Australia and ProjectCentre interviews: 
 
Project Leaders have the desire and the commitment to move forward and 
upward on the scale of IT sophistication in building and construction by 
implementing some initial steps, but currently are at the early phases.  Similarly at 
the early stages, Hutchinson Builders are also committed to the ideals of the 
ORCM project but see the very practical issues as extremely important and 
required to be addressed before more fully moving their substantial business 
interests to a broader electronic- or IT-focussed setting. 
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The introduction of simple handheld technology for on-site data collection 
purposes; the use of Webcam or remote camera technologies on construction 
sites, as well as further development of a project management Web site are 
deemed highly prospective areas where Hutchinson Builders could benefit.  
Project Leaders may also benefit from the use of Webcam or remote camera 
technologies on construction sites, as well as from further implementation of a 
project management Web site, and perhaps less from the introduction of on-site 
handheld or automated data collection technologies. 
 
In terms of the classification of project management systems, these two 
organisations are considered in the early “document management” stage with 
certainly the potential and desire to move to the “workflow management” stage, 
but not ready yet to move “all the way” to a electronic transaction-based 
approach. 
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4. Benchmark Project Description 
4.1 Mt Gravatt Sporting and Workers Club Traditionally Delivered Benchmark 
Project  
 
Hutchinson Builders and Project Leaders Australia gave the ORCM Research Team 
access to the Mt Gravatt Sporting and Workers Club Benchmark project data - a 
traditionally delivered construction project of similar size, value, location 
(remoteness) etc, to that of the Aspley Leagues Club Case Study project.  
 
Members of the ORCM Research Team were given access to the Brisbane offices 
of Hutchinson Builders and all archived data/correspondences pertaining to this 
project for data extraction and analysis to commence. This was completed in 
accordance with the ORCM data Collection Methodology Report (Tilley P.A. 
2000), with results and outcomes used for ORCM benchmarking activities. 
 
4.2 Mt Gravatt Sporting and Workers Club Traditionally Delivered Benchmark 
Project Description  
 
A general description of the Mt Gravatt Sporting and Workers Club Benchmark 
Project's statistics is as follows: 
 
Client     : Mt Gravatt Sporting and Workers Club 
Value at completion   : $2,400,000.00 
Project description   : Extension and renovations 
Contract delivery system  : Design and Construct (D&C) 
Contract duration   : 26 weeks 
Completion date   : September 1998 
Primary Consultant   : Project Leaders Australia 
Information Technology  : Desk Top Computers and LAN (local area  
network). 
 
4.3 Mt Gravatt Sporting and Workers Club Traditionally Delivered Benchmark 
Project Organisation Structure 
 
Figure 4-1 provides an outline of the Mt Gravatt Sporting and Workers Club 
Benchmark project's organisational, communication and contractual reporting 
structures. 
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Project Manager  
(Hutchinson Builders / Project Leaders Australia) 
Authorities 
 
Contractor 
(Hutchinson Builders) 
Architect 
(Tim Shellshear Architects) 
Consultants 
(Various) 
Suppliers 
(Various) 
Sub-Contract 
(Various) 
Client 
(Mt Gravatt Sporting and Workers Club) 
 
 
 
Figure 4-1 Mt Gravatt Sporting and Workers Club Traditionally Delivered 
Benchmark Project – Organisational, Communication and 
Contractual Flow Diagram 
 
The above organisation structure is very similar to that of the Aspley Leagues Club 
Case Study project (Figure 2-1). The ‘project team’ included the Client, Project 
Managers, Architect, Contractor and various Consultants and Sub-Contractors. 
The main difference between the two organisational structures is that the 
benchmark project made use of a different Architectural firm, which was based 
in Brisbane.  
 
4.4 Communication Methods 
 
The Mt Gravatt Sporting and Workers Club Benchmark project participants made 
use of the more 'conventional' or 'traditional' forms of communication systems 
and/or IT tools such as: facsimile, telephone (land line and mobile), office desk 
top computers and LAN (local area network) for daily project related 
communication between the various project participants. E-mail and Internet 
facilities were not used on this project.  
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5. Communication Flows 
 
The communications flows can be readily mapped from both the electronic 
information data as well as the communications data collected from the non-
electronic construction site.   
 
5.1 Aspley Leagues Club Case Study Project 
 
The Aspley Leagues Club Case Study Project was interesting, in that it covered 
both the design and documentation phase as well as the construction phase.  
During the design and documentation phase, the benefits of the ProjectCentre 
system was highlighted with a lot of cross-discipline communication between the 
various consultants (see Figure 5-1).  Although during the construction phase, the 
volume of communication diminished, the same type of cross-discipline 
communication was still quite evident.  Although the total number of active 
participants on this particular project was not large (only 25) the total number of 
communications paths used was quite reasonable at 113.  
 
Excluding users logging onto the system and opening up their “To Do” lists, the 
ProjectCentre system database provided for this project identified a total of 1142 
actions over the duration of the project from the “To Do” table.  These actions 
included: 
 
• initiating project documents • closing project documents 
• opening project documents • inviting people to attend 
meetings 
• forwarding documents to 
others 
• accepting or rejecting meeting 
invitations 
• responding to project 
documents 
• system notices of other actions 
 
However, of these 1142 actions, the “To Do” table only identified 149 issues, but 
when all the responses, forwards and ‘cc’ copies of the correspondences are 
taken into account, then the project produced 360 actual items of 
communication within the ProjectCentre system.  These results conflict with an 
analysis of both the “Doc” and “Doc Log” tables, which identified 218 issues and 
525 items of actual communications.  Missing data within the “To Do” table is 
considered to be the cause of this discrepancy and while the “Doc” and “Doc 
Log” tables are considered to be more reliable in relation to the number of issues 
and communications items, it is still felt that not all of the communications 
occurring within the ProjectCentre system were logged in the database supplied.   
 
A graphical representation of the extent and nature of the correspondence 
carried out on the project is shown in Figure 5-1. This map does not represent all 
the communication carried out on the project, but highlights only those 
organisations where 4 or more items of communication have either been sent to 
or received from, in relation to the project, with line thickness giving an indication 
of the volume of communication occurring between various participants.  
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Figure 5-1 Communication Flow Path - Aspley Leagues Club 
 
As can be seen above, only 18 of the 25 participants (72%) are identified on this 
map and although the communications paths shown represent only around 39% 
of all the communications paths used, this still represents around 79% of the 525 
communications logged within the ProjectCentre database files supplied (see 
Figure 5-2). 
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Figure 5-2 Proportion of Communication Paths with 4 or More Communication 
Items - Aspley Leagues Club 
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5.2 Mt Gravatt Sporting and Workers Club Traditionally Delivered Benchmark 
Project 
 
The data for this project was supplied by Hutchinson Builders (the primary 
contractor) and so represents only that communication that passed through their 
organisation. As such, the communication flow diagram has the typical “wheel” 
look, with all communication passing through Hutchinson Builders (the head 
contractor) as the hub of project communications, with no cross communication 
able to occur. 
 
Whilst this was not a particularly large project, it was made more complicated 
because of the need to keep the existing building functional, which tends to 
generate additional communication throughout the life of the project.  A 
graphical representation of the extent and nature of the correspondence carried 
out on the project is shown in Figure 5-3. This map does not represent all of the 
more than 1300 items of communication issued on the project, but highlights only 
those organisations where 10 or more items of communication have either been 
sent to or received from, in relation to the project. 
 
 
 
Figure 5-3 Communication Flow Path - Mt Gravatt Sporting and Workers Club 
 
Interestingly enough, while the organisations identified on this map represent only 
around 10% to 12% of the organisations involved in either incoming or outgoing 
communications with Hutchinson during the project, they were responsible for 
around 55% of all communication carried out (see Figure 5-4 and Figure 5-5). 
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Figure 5-4 Proportion of Contact Firms with 10 or More Communication Items - 
Mt Gravatt Sporting and Workers Club 
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Figure 5-5 Proportion of Correspondence Items from Firms with 10 or More 
Communication Items - Mt Gravatt Sporting and Workers Club 
 
As set out in the Methodology document (Tilley P.A. 2000), the information 
mapped consisted of general correspondence, Site Instructions, RFIs, Transmittals, 
and EOTs.  
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6. Information Technology (IT) Analysis Framework 
6.1 Background 
 
Construction is a fragmented industry, with numerous design firms, contractors, 
subcontractors, and suppliers involved in almost any project. Computers can 
provide unifying modelling, management and communications systems to bring 
the unique talents of these parties together in a more productive and integrated 
manner. Leading consulting and construction firms are increasingly recognising 
computers as a strategic technology, and it is very probable that these firms will 
be the ones who will ensure the industries success in the next century (Paulson, 
1995). 
 
The construction industry is making insufficient use of transferring project data and 
information electronically. McCaffer et. al. (1991) comments data exchange 
between project participants is still largely undertaken on paper. Further, the 
construction industry has been identified as not having a coherent and 
integrated computer system that encompasses the whole of the construction 
process from design through construction to final account and facilities 
management, even though the existing technology can make this possible. 
 
A Business Technology Survey (Australian Bureau of Statistics, 1997-98) measured 
business use of information technology and telecommunications (IT&T) including 
the Internet. The results were based on a sample of 6,800 Australian businesses. 
The results of the survey are reproduced in Table 6-1, where access to the 
Internet, for example, was highest in mining (47%), property and business services 
(46%), and communication services (45%). In contrast, industries such as 
accommodation, cafes and restaurants (16%), retail trade (17%), construction 
(20%) and transport and storage (20%) were among those with the lowest 
proportion of Internet access. From the same survey, almost two-thirds of 
businesses report not having PC's, because the technology was 'not suited to the 
nature of the business' (Table 6-2 & Table 6-3). One-third of businesses reported 
cost was a barrier to adopting PC's. 60% of businesses with PC's had no Internet 
access because it was 'not suited to the nature of the business', and two-thirds 
cited cost as a barrier to acquiring Internet access. 
 
Tucker et. al. (2000: 17) report there have been few comprehensive 
benchmarking studies of IT use in the construction industry and indicates that of 
those studies, most tend to be severely limited in scope and application. 
 
Of the available benchmarking methodologies, perhaps the most commonly 
adopted framework for the examination of IT usage is the “Strategic IT Health 
Check” as developed by Construct IT Centre of Excellence (1997) in the United 
Kingdom. Despite its relatively wide adoption, the Strategic IT Health Check is also 
limited in its scope. Amongst other shortcomings, it is structured to evaluate the 
organisation and not the use if IT on a project. Tucker et. al. (2000: 18) conclude 
that a new information technology analysis framework is required to allow 
effective comparisons within and between projects and summarise their study 
into existing IT benchmarking methodologies and frameworks as follows: 
• The Construct IT Health Check is the only existing analysis framework that has 
been used in a number of countries.  
• Almost all analysis of the use of IT in construction has been focused at the 
organisational level and the capabilities of applying IT. 
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• The limitations of existing analysis frameworks are many and include: 
• The analyses are snapshots in time only. 
• There is minimal detail, with most focussing on a broad level of analysis 
(overview). 
• Benchmarking is minimal. 
• Benchmarking which has been done is only at a strategic level. 
• Very limited analysis has been attempted at the project level. 
• Information is almost all from interviews (subjective). 
• Poor reproducibility has limited comparisons of time (performance) and 
country. 
 
Table 6-1 Business Use of PC's and the Internet 
Industry PC's LAN/ 
WAN 
Internet  
Access 
Email  
Access 
Web 
Browser  
Access 
Web 
Site/ 
Home 
Page 
No. 
of  
Bus. 
 % % % % % % ,000 
Mining 78 38 46 45 43 19 2 
Manufacturing  69 21 31 29 25 8 48 
Construction 54 7 17 16 15 4 78 
Wholesale Trade 74 30 38 38 35 10 43 
Retail Trade 54 17 17 17 14 2 110 
Accommodation & 
Restaurants 
45 8 14 12 13 5 31 
Transport & Storage 54 15 20 19 15 5 31 
Communication 
Services 
73 17 45 45 38 13 3 
Finance & 
Insurance's 
74 27 39 37 34 12 18 
Property & Business 
Services 
78 30 44 43 39 8 142 
Health & Community 
Services 
69 20 33 32 30 5 49 
Cultural & 
Recreational 
Services 
64 18 33 33 30 13 15 
Personal & Other 
Services 
42 12 20 20 18 9 33 
Total/Average 64 20 31 30 27 9 603 
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Table 6-2 Benefits of Business Use of the Internet 
Industry Reduced 
Business 
Cost 
Broader 
Client 
Exposure 
Better 
Access to 
Information 
Business 
Across 
Time 
Zones 
Improving 
Customer 
Satisfaction 
No. 
Of 
Bus. 
 % % % % % ,000 
Mining 31 27 92 43 12 1 
Manufacturing  22 30 71 27 21 15 
Construction 15 17 84 17 8 14 
Wholesale Trade 35 33 88 43 21 17 
Retail Trade 23 14 84 15 16 19 
Accommodation 
& Restaurants 
12 41 78 15 24 4 
Transport & 
Storage 
46 42 88 45 23 6 
Communication 
Services 
40 41 83 9 23 1 
Finance & 
Insurance's 
14 40 92 53 23 7 
Property & 
Business Services 
33 29 90 36 34 63 
Health & 
Community 
Services 
22 15 88 16 13 16 
Cultural & 
Recreational 
Services 
21 35 84 31 14 5 
Personal & Other 
Services 
24 22 87 18 16 7 
Total/Average 27 27 86 30 23 174 
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Table 6-3 Barriers of Business Use of the Internet 
Industry Not 
Suited to 
Nature 
of 
Business 
Cost Lack of 
Skill or 
Training 
Other Businesses 
with PC's 
but No 
Internet 
Access  
Businesses 
with PC's 
but No 
Internet 
Access  
 % % % % % of All 
Businesses 
With PC's 
,000 
Mining 58 26 20 25 41 1 
Manufacturing  66 21 17 25 56 19 
Construction 63 25 22 20 68 29 
Wholesale Trade 59 26 26 30 48 15 
Retail Trade 74 37 28 19 69 41 
Accommodation 
& Restaurants 
60 34 28 27 68 9 
Transport & 
Storage 
49 36 31 21 63 10 
Communication 
Services 
51 0 0 0 38 1 
Finance & 
Insurance's 
62 17 28 25 48 6 
Property & 
Business Services 
48 27 19 34 44 48 
Health & 
Community 
Services 
56 36 26 32 52 18 
Cultural & 
Recreational 
Services 
54 42 13 34 49 5 
Personal & Other 
Services 
72 34 33 9 51 7 
Total/Average 60 30 24 26 55 209 
 
 
6.2 Information Technology Analysis Framework for the Acton Peninsula 
 
The Acton Peninsula Development Project located in Canberra, comprises of the 
National Museum and the Australian Institute of Aboriginal and Torres Strait 
Islander Studies, and is the first major building development in Australia awarded 
on the basis of a joint alliance contract, including the building and services 
contractor. 
 
As a part of a major research project surrounding the Acton Peninsula 
Development, researchers have developed a framework for reporting on lessons 
learned about the application of IT in construction during the design, construction 
and project management. The main focus of this framework is the use of IT in the 
design, construction and project management functions, as well as a review of 
the development of IT in the construction industry. 
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The “Information Technology Analysis Framework for Acton Peninsula Project” 
(Tucker et. al., 2000) specifically examined IT implementation from seven 
perspectives: 
• Information technology; 
• User utility; 
• Project organisation; 
• Project management functions; 
• Benefits; 
• Value-adding; and 
• Competitive positioning. 
 
6.3 ORCM Application of the Information Technology Analysis Framework for 
the Acton Peninsula 
 
As a part of the Online Remote Construction Management project, research is 
required into the benefits of IT implementation into the construction industry. To 
ensure the original Information Technology Analysis Survey could be administered 
without delay on the various ORCM case study projects, it was proposed that the 
Information Technology Analysis Framework for Acton Peninsular Project (Tucker, 
2000) be utilised in the evaluation of IT implementation, as well as the benefits, 
advantages and barriers to that implementation. 
 
The QUT researchers associated with the ORCM project received permission to 
use and modify the framework from the publication authors (CSIRO, Griffith 
University and QUT).  
 
6.4 ORCM Aim for the Information Technology Analysis Survey 
 
The aim of the ORCM Information Technology Analysis Survey is to report on 
lessons learned regarding the application of IT during the design, construction 
and project management phases of the project - i.e. to examine the project and 
organisational level of IT implementation and application, as well as potential 
benefits, advantages and/or barriers the project and/or organisation 
experienced by that implementation.  
 
6.5 ORCM Implementation of the Information Technology Analysis Survey 
 
The following Aspley Leagues Club Case Study project participants, who made 
use of ProjectCentre to generate, receive, store, and/or disseminate all project 
related documentation, information and/or communication, completed the 
ORCM Information Technology Analysis Survey: 
• Architects 
• Contract Administrator 
• Site Forman 
• Project Manager 
 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part F: Case Study Report: Aspley Leagues Club 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 20 
6.6 ORCM Information Technology Analysis Survey - Section Breakdown 
6.6.1 Section 1 – General Information 
 
In the first section of the survey, ORCM Researchers asked the Aspley Leagues 
Club Case Study project participants to provide a general background to their 
role in the project as well as provide a record of past and/or existing levels of IT 
‘exposure’ and/or experience on projects. 
 
6.6.2 Section 2 – Seven IT implementation Perspectives 
 
To determine the project and organisational level of IT implementation and 
application, as well as potential benefits, advantages and/or barriers the project 
and/or organisation experienced by that implementation during the design, 
construction and project management phases of the project, the second section 
of the survey specifically examined IT implementation from 7 different but inter-
connected perspectives (Figure 6-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Tucker, 2000) 
Figure 6-1 Seven IT Implementation Perspectives  
 
 
Key to Figure 6-1: 
 
Perspective Defined 
1. Information 
Technology  
:  This perspective is the centre of the framework.  It focuses 
on the IT tools used and addresses their technical aspects. 
2. User Utility  :  Concerned with user satisfaction and perceived value of IT 
use.  User satisfaction is expected to play an important role 
in the overall evaluation of the IT tool.  From the user’s 
perspective, the value of the tool is based largely on the 
extent to which it helps the user do the job more efficiently 
and effectively.  This perspective covers usage-related 
issues of interest to users who interact with the IT tools.   
3. Project 
Organisation  
:  This perspective deals with the role IT plays in facilitating the 
integration of project participants. 
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4. Project 
Management  
:  This perspective examines the impact of IT on project 
management functional goals, mainly in the areas of 
information needs, quality and timeliness within the 
context of design, construction and project management 
functions. The measurement and evaluation of project 
management functions should yield useful data about the 
impact IT has on the productivity and efficiency of these 
functions. 
5. Benefits  :  This perspective investigates the link between IT 
implementation and any project-related short-term 
benefits.  The perspective includes both tangible and 
intangible benefits.  Tangible benefits such as time and 
cost savings are expected due to the reduction of paper-
based workload, faster response times and less rework.  
Intangible benefits may include process flexibility in 
generating, handling and manipulating data, ease of 
workload, and ability to detect errors or inconsistencies. 
6. Value-adding  :  Capturing the relationship between IT implementation and 
the overall project delivery process and is a much broader 
concept than that of the benefits perspective.  It 
examines the perceived value-added aspect of the 
process in terms of generating business value to the client 
(delivering a project through a more robust delivery 
process) as well as to all project stakeholders (cultural 
change and extended partnerships). 
7. Strategic 
Positioning  
:  In addition to evaluating IT use in a particular project, there 
is also a need to measure and evaluate IT contribution to 
the strategic capability of the organisation.  This 
perspective assesses the impact IT has on the organisation 
at the strategic level.  It is concerned with how lessons 
learned in this project are disseminated and hence 
contributed to the strategic positioning of the 
organisation.  For example, how benefits achieved are 
being translated into an increased organisational 
capability and the ability to view IT as an integral part of 
future business and project activities. 
 
6.7 ORCM Information Technology Analysis Survey Results 
 
Responses, ratings, comments and/or suggestions made by the Aspley Leagues 
Club Case Study project participants were analysed and assessed in accordance 
with the framework proposed in the (Kajewski, et. al. 2000).  
 
6.7.1 Section 1 (General Information) Results 
 
Results obtained from the Aspley Leagues Club Case Study project participants 
and/or users of the ProjectCentre system implemented on the project are shown 
in Figure 6-2:  
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Figure 6-2 Aspley Leagues Club Case Study Project Results - General 
Information  
 
Referring to Figure 6-2, Aspley Leagues Club Case Study project participants 
provided the following 'general' information, enabling ORCM Researchers to 
determine a record and rating/percentage (%) for each criterion, including:  
 
1. Prior to this project, have they used computers in their work before?  
 
60% said yes to having used computers in their work (prior to this project). 
 
2. If yes in what capacity - i.e.: pricing/costing; Word-processing; programming; 
cost control; drawing/design; email; Web-based applications; e-Commerce; 
e-Procurement; and/or other? 
 
• Only 40% have or are using Microsoft Office software such as Word and 
Excel for project related documentation. 
• 80% used or found the need to access email or the World Wide Web 
(www) for communication purposes on projects. 
• Only 20% use or have used Project Management software’s such as 
Microsoft Project, Primavera or Suretrak. 
• 60% use or have used Cheops and Microsoft Office Excel as a cost control 
software. 
• 0% of those who took part in the survey use eCommerce or eProcurement 
facilities on projects. 
• 60% have or are using Computer Aided Drawing (CAD) software 
throughout the various phases of projects i.e.: AutoCAD Lt, R14 and 2000.  
• 100% have or are using 'conventional' or 'traditional' forms of 
communication (facsimile, telephone, radio, etc) on past and current 
projects. 
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3. Have they used computers at home, office and/or Internet-café etc.?  
 
100% have or are finding the need to use a computer at work and 80% at 
home. 
 
4. Approximately how much of their work on this project requires a computer? 
 
20% stated their work or role on this project required between 1% and 20% use 
of a computer, 20% required between 21% and 40%, 40% required between 
61 and 70%, and the remaining 20% required between 81% and 100% use 
and/or access to a computer for generating, accessing and/or receiving 
project related information. 
 
5. Do they believe computers have improved their work capabilities?  
 
100% agreed that through the use of the various IT tools, software and/or 
communication systems (including ProjectCentre) on the Aspley Leagues 
Club Case Study project, improved their working capabilities throughout the 
various phases of the project. 
 
6. For any project information that they receive electronically, do they use 
and/or respond the information electronically?  
 
100% said they used the electronic format of the project related information 
they received electronically from other project participants i.e.: electronically 
(using a computer) saving, altering, reformatting, etc. the original piece of 
correspondence/information. 
 
Yet, 80% of the Aspley Leagues Club Case Study project participants who 
took part in the survey actually responded electronically to the original 
project related information they received electronically from other project 
participants. Therefore the remaining 20% still print out hard copies (paper 
copy) of the original electronic correspondence/information, manually 
altering, attaching (staple), photocopying, filing (archive folders), etc. the 
paper version, then use 'traditional' forms of communication (i.e. facsimile, 
post, courier, etc) for further dissemination. 
 
For comparison purposes only, Figure 6-3 shows the combined/average result (%) 
calculated from the responses provided by project participants and/or users of 
the same or similar IT tools and/or communication systems implemented on the 
other 4 ORCM case study projects (i.e.: excluding Aspley Leagues Club) for the 
same General Information criteria (above).  
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Figure 6-3 Combined Results of 4 ORCM Case Study Projects - General 
Information  
 
Results show that the Aspley Leagues Club Case Study Project scores in Figure 6-2 
are slightly less than the combined/average scores (%) obtained from the other 4 
ORCM case study project participant responses (Figure 6-3) – i.e.: in relation to 
their IT strengths, weaknesses, computer and software 'exposure', experience, 
usage, etc. 
 
6.7.2 Section 2 (Seven IT implementation Perspectives) Results 
 
Aspley Leagues Club Case Study project participants and/or users of 
ProjectCentre were asked to score each of the 7 perspectives, by choosing a 
number between 1 and 5 for each of the weighted criteria (refer Section 6.6.2). A 
score of 1 is regarded as being the lowest and 5 the highest score obtainable for 
any criteria within each perspective. All the scores were then combined and 
manipulated to get an overall percentage (%) or rating for each perspective.  
Again a minimum rating of 0% and a maximum rating of 100% can be obtained - 
i.e. the rating determined the project participant’s overall level of satisfaction for 
each perspective in relation to the projectCentre system. 
 
Figure 6-4 shows percentage ratings for each of the 7 perspectives calculated 
from responses provided by Aspley Leagues Club Case Study project participants. 
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Figure 6-4 Aspley Leagues Club Case Study Project Results - 7 Perspectives 
Compared 
 
Figure 6-5 shows the combined result (%) obtained from the remaining 4 ORCM 
case study projects (i.e.: excluding the Aspley Leagues Club Case Study project).  
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Figure 6-5 Combined Results of Remaining 4 ORCM Case Study Projects - 7 
Perspectives Compared 
 
To follow, results (%) for each of the 7 perspectives obtained from the Aspley 
Leagues Club Case Study project participants (Figure 6-4) in relation to the results 
obtained from the other 4 ORCM case study projects (Figure 6-5):  
 
1. Information Technology: Results indicate the Aspley Leagues Club Case Study 
project participants rated ProjectCentre's Information Technology 
perspectives at 67% - only 2% lower than the combined/average percentage 
rate of 69% obtained from participants involved in the other 4 ORCM Case 
Study projects (Figure 6-5), for using the same or similar IT tools and/or 
communication systems. The assessment criteria pertaining to this perspective 
include: 
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• Reliability 
• Secureness against unauthorised use 
• User-friendliness 
• Appropriateness for the application/function 
• Suitability for site conditions (if applicable) 
 
2. User Utility:  Results show that Aspley Leagues Club Case Study project 
participants rated the User Utility perspective of ProjectCentre - i.e. the extent 
to which ProjectCentre helped the user do the job more efficiently and 
effectively – at 59% and 6% below the combined rate scored by participants 
involved in the other 4 ORCM Case Study projects (using the same or similar IT 
tools and/or communication systems). User Utility issues include:  
• Level and frequency of IT tool use(d) most  
• Level and frequency of training provided 
• Level and frequency of technical support provided 
• Accuracy and quality of the tool/system output 
 
3. Project Organisation:  A score of 52% - i.e.: 17% below the 69% scored by 
participants involved in the other 4 ORCM Case Study projects (using the 
same or similar IT tools and/or communication systems) - illustrates Aspley 
Leagues Club Case Study project participants believed the use and 
implementation of ProjectCentre did not significantly: 
• Enhance coordination between project participants 
• Reduce response time to answer queries 
• Establish and support the project team 
• Empower participants to make decisions 
 
4. Project Management Functions:  Aspley Leagues Club Case Study project 
participants rated ProjectCentre's ability to satisfy the project management 
functional goals - i.e. information needs, quality and timeliness within the 
context of design, construction and project management functions - 
reasonably high at 65% (5% below the 70% scored by participants involved in 
the other 4 ORCM Case Study projects), and therefore relatively satisfied with 
ProjectCentre's:  
• Facilitation of document transfer and handling 
• Keeping of and ability to update records 
• Immediate reporting and receiving feedback capabilities 
• Ability to identify errors and/or inconsistencies 
 
5. Benefits:  Aspley Leagues Club Case Study project participants rated the link 
between ProjectCentre implementation and any project-related short-term 
benefits (both tangible and intangible) at 55% - i.e.: 8% less than the 63% 
scored by participants involved in the other 4 ORCM Case Study projects – 
and therefore not as convinced with the ProjectCentre’s ability to: 
• Save time (e.g. processing, responding, etc) 
• Save cost (e.g., rework, travelling, overheads) 
• Improve document quality 
• Decrease number of design errors 
• Decrease number of RFIs 
 
6. Value-adding:  Aspley Leagues Club Case Study project participants scored 
55% for the perceived value-adding aspect of implementing an overall 
project delivery process (ProjectCentre) on the project - i.e. 10% below the 
65% scored by participants involved in the other 4 ORCM Case Study projects 
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(using the same or similar IT tools and/or communication systems) - in relation 
to ProjectCentre's ability to: 
• Lead to a more satisfied customer 
• Lead to more streamlined processes 
• Enable a cultural change among project members 
• Improve computer/IT literacy 
• Improve project communications 
 
7. Strategic Positioning:  The use of ProjectCentre on the Aspley Leagues Club 
Case Study Project, in relation to its contribution to the strategic capability 
and project activities of the organisation, received a score of 64% from it's 
participants - i.e. nearly equalling the 65% scored by participants involved in 
the other 4 ORCM Case Study projects (using the same or similar IT tools 
and/or communication systems) and based on ProjectCentre's ability to: 
• Enhance the organisation's image in the Industry 
• Attract more sophisticated clients 
• Increase the capability for global co-operation 
 
In summary, Aspley Leagues Club Case Study Project ratings (%) for the above 7 
perspectives (Figure 6-4) are ‘ranked’ in Table 6-4, thereby indicating project 
participants overall level of satisfaction in using ProjectCentre on the project: 
 
 
Table 6-4 Aspley Leagues Club – Ranking of 7 Perspectives 
 
Ranking Perspective Rating (%) 
Level of User Satisfaction and/or 
Influence on the Project 
1st Information Technology 67% Highest 
2nd Project Management 65% Average 
3rd Strategic Positioning 64% Average 
4th User Utility 59% Low - Average 
5th Value Adding & Benefits 55% Low 
6th Project Organisation 52% Lowest 
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7. Benchmark Analysis  
7.1 Benchmarking Defined 
 
The word 'benchmark' is a term originally used by land surveyors dating back to 
the construction works of ancient Egyptians, where a distinctive mark is made on 
a rock, building, wall or structure and used as a reference point in determining 
other positions or altitudes within a given line of levels (Webster's New World 
Dictionary, 1956 in Patterson, 1996 and Codling, 1992). Today, Bogan and English 
(1994) comment that managers and organisations recognise and use the term 
'benchmark' to gauge the performance of a function, operation, or business 
relative to others.  
 
Boxwell (1994) states that benchmarking is a process of setting goals by using 
objective, external standards and learning from others – learning what and why, 
but more importantly, learning how. Understanding how the companies achieve 
their results is usually more important and valuable than obtaining a more 
quantified result. It can be described as the process of 'studying' a 
company/organisation that may have a similar product, or perform a similar 
process, whether it is in the benchmarking teams industry or not – that is, identify 
and study them and based on what you have learnt, adopt and/or improve 
upon the results.  
 
Benchmarking is 'a continuous, systematic process for evaluating the products, 
services, and work processes of organisations that are recognised as representing 
best practice for the purpose of organisational improvement' (Spendolini, 1992 
and MacNeil, et. al. 1993). 
 
7.2 Why Benchmarking?  
 
In this 'climate of dynamic change', benchmarking provides organisations with a 
focus on the external environment of the organisation, and increasing process 
efficiency. Due to the increase of international competition for domestic markets, 
it has now more than ever, become essential for companies to emphasise quality. 
Patterson (1996) believes that benchmarking is one way to ensure quality and 
effective process control, by measuring and testing standard operational 
procedures against new methods. 
 
Within various industries, the term 'change' is not new, especially in the field of 
technology. Technological change is a progress that feeds on itself to promote 
other advances and is driven to meet customer needs. It is therefore imperative 
that industries are aware of change and advances – within their own and other 
industries – and how it may/will effect/impact on them. Codling (1992) concludes 
that benchmarking promotes a climate for change and/or process of continuous 
improvement that is essential to every organisation. Spendolini (1992) identified 5 
reasons as to why organisations tend to make use of the benchmarking process: 
 Strategic Planning: 
Benchmarking is a useful tool in gathering essential information on the 
marketplace and activities of competitors, to help shape a long and short-
term business strategy. 
 Forecasting: 
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Benchmarking provides a source of information regarding business directions 
of key players in the marketplace. 
 New Ideas: 
Benchmarking exposes organisations and individuals to new products, work 
processes, management techniques, etc. 
 Product/Process Comparison: 
Comparing a competitor’s product or service (feature by feature) to a 
company's product or service that is performing the analysis, provides a 
standard of comparison of the organisations. 
 Goal Setting: 
Benchmarking can help organisations establish performance goals in relation 
to identifying state-of-the-art or best practices. 
 
7.3 ORCM Benchmarking Activities  
 
In this section we consider the case study project, the Aspley Leagues Club 
Project against the benchmark project Mt Gravatt Sporting & Worker’s Club.  Both 
projects were extensions and refurbishments of existing facilities.  The scales of the 
projects were similar, and both projects were under $2.5 million ($1.5 m for Aspley 
Leagues Club and $2.4 m for Mt Gravatt Sporting & Worker’s Club).  The 
benchmark project was slightly larger, but a traditionally procured project, where 
communications consisted of phone, fax, mail, and verbal transactions, utilising 
landlines for phone, facsimile, and minimal email usage.  
 
The Aspley Leagues Club case study project team included; Project Leaders 
Australia for Project Management and Architectural design.  The construction 
manager was Hutchinson Builders Pty Ltd. This project was co-ordinated through 
the use of ProjectCentre, a data/communications coordination, and document 
control system (see Section 3). 
 
The Mt Gravatt Sporting & Workers Club benchmark study project also involved 
Project Leaders Australia (Project Management), with the construction manager 
again being Hutchinson Builders Pty Ltd.  In this project, however, the architect 
was Tim Shellsheer Architects. The project utilised conventional methods of 
communication  
 
Delivery times for the projects were 48 weeks for Aspley Leagues Club Project, 
finished in May 2001, and 26 weeks for the Mt Gravatt Sporting & Worker’s Club 
Project, finished in September 1998.  It should be noted however, that the project 
duration for the Mt Gravatt Sporting & Worker’s Club Project only relates to the 
construction phase, whilst the project duration for the Aspley Leagues Club 
Project, includes both the design and documentation and the construction 
phases. 
 
7.4 The Case Study 
7.4.1 Use of Project Centre 
 
The ProjectCentre web site had all documents required available on line ( 
Figure 7-1) and the user needed only to select from the menu the desired form of 
communication, e.g., RFI SI, memo, etc, the item would open; register a new issue 
number, time, distribution list, etc. automatically.  The author of correspondence 
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needed only to fill in the text of the message, affix any attachment files, amend 
the distribution list as required and proceed to send the communication.  
 
As a report on the detailed operation of ProjectCentre is included elsewhere, we 
will not discuss the use of ProjectCentre in detail here. Comments however 
pertaining to particular highlights will be raised. For example, of the many 
convenient features of ProjectCentre, one aspect was that users were reminded 
of outstanding items on their “to do lists”. Once fully conversant with 
ProjectCentre, users might check the web site more frequently to review such lists, 
then complete, and close items accordingly.  
 
One of the problems encountered on this project was that data was not 
consistently, nor exclusively transacted with ProjectCentre. For example, the site 
foreman noted that initially they had trouble getting a computer on site. Once 
they did have access to a computer, they encountered a further problem where 
not all the consultants were still committed to using ProjectCentre for their 
correspondence.  As correspondence was going unanswered, conventional 
means of communications were used as a fall back position. This basically means 
that not all the project data was supplied to CSIRO – DBCE for analysis.  
 
The data that was collected in the course of the project was provided to CSIRO – 
DBCE in the form of a ‘Data Dump’ from ProjectCentre. This was a MS Access 
database file from which the data was exported into a MS Excel spreadsheet for 
analysis. The volume and quality of the record of information was generally 
dependent on the project participants using ProjectCentre. Participants would 
log on to the site, in most cases they would be presented with a “to do“ list (Figure 
7-2), on which they would be able to check items requiring their attention. The 
system allows participants to nominate the status of items they are addressing 
(i.e.; initiated, closed, etc.). Although it was important for all transactions to be 
closed off once an issue was resolved to end a transaction activity, this was rarely 
done and many activities were still open at the end of the project. In the case 
where an issue was not properly closed, then determining when an item was 
resolved was difficult to confirm. 
 
Also, due to an upgrade of the ProjectCentre system midway through the project, 
there were a number of inconsistencies and gaps within the various data tables 
supplied. This allied with the fact that participants did not include the entire data 
required acts as a major barrier in achieving a truly meaningful result when 
developing a set of performance indicators to compare with the benchmark 
project.  
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Figure 7-1 Extract from the Project Centre Graphic User Interface  
 
 
 
Figure 7-2 ‘To Do” List on Project Centre 
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The contract period for Aspley Leagues Club was initially 48 weeks, starting in 
June 1999, however due to various project delays, use of the ProjectCentre 
system didn’t start until November 1999.  Following the completion of the design 
and documentation phase around March 2000, the project was further delayed, 
with the construction phase not really getting going until around September 2000.  
Although the last project correspondence occurred in February 2001, 
administrative communication continued until June 2001.   
 
Although the “To Do” table is considered to be incomplete, its analysis is still 
required to obtain an indication of the level of activity within the ProjectCentre 
system over the life of the project.  Figure 7-3, which is based on the data from the 
“To Do” table, demonstrates not only the large gaps in the usage of the 
ProjectCentre system between the design and documentation phase and the 
construction phase, but also the dramatic drop in usage during the construction 
phase, when compared to the design and documentation phase.   
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Figure 7-3 Total Recorded ProjectCentre Activity - Aspley Leagues Club 
 
7.4.2 The Data 
 
Some of the reasons for the lack of data being entered into ProjectCentre were 
raised in discussion earlier. Section 9.0 (Process Improvement- Questionnaire) of 
this report notes some of the opinions of project participants, which confirms the 
inconsistent use of ProjectCentre and provides other indications as to why the 
system was not utilised exclusively. Consensus from the questionnaire responses, 
relating to all the stakeholders not using the system, seemed to indicate this was a 
result of unfamiliarity with the system. This may have been due to a combination 
of both; low IT maturity of some (key) users and, in spite of two training sessions 
with the system, insufficient training to those members of the project team.  
Certainly if all the stake holders are not embracing the system, and using it 
regularly, then this is a fundamental barrier to the effective use of the system.  It 
appears evident that at times during the project this lack of participation in the 
system caused it to be abandoned in favour of conventional methods of 
communication (i.e. fax, phone etc.) 
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Reviewing the data received however, reveals some salient points.  As indicated 
previously, there were a total of 1144 actions recorded by ProjectCentre within 
the “To Do” table.  A breakdown of the various types of actions recorded within 
the ProjectCentre system is shown in  
Figure 7-4.  
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Figure 7-4 Breakdown of Recorded ProjectCentre Actions - Aspley Leagues 
Club 
 
As can be seen, system notices (which are self generated by the ProjectCentre 
system) and other non-correspondence type actions, make up over half of the 
activities on this project.  Although this chart indicates only 149 issues – related to 
either document initiations, document uploads or meeting invitations – of the 218 
issues previously indicated, the relative proportions between the various action 
types, is considered fairly indicative.  
 
When we compare the distribution of the various actions carried out by the 
various organisations within the ProjectCentre system, Figure 7-5 illustrates that 
while the majority was carried out by the main project participants (Hutchinson 
Builders and the project consultants), a significant proportion (just over 38%) 
involved ProjectCentre staff and the project researchers on essentially non-
project issues.  
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Figure 7-5  Breakdown of Volume of Actions by Project Organisation – Aspley 
Leagues Club 
 
However, when we relate this to the proportions of actual communications 
carried out by the various organisations within the ProjectCentre system, Figure 
7-6 illustrates a significantly greater proportion (just over 50%), being carried out 
by the ProjectCentre staff and the project researchers.  
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Figure 7-6  Breakdown of Volume of Actions by Project Organisation – Aspley 
Leagues Club 
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Although this would seem to indicate a disproportionate amount of 
communication being generated by non-project organisations, it is important to 
determine what these communications actually related to.   
 
Figure 7-7 provides a breakdown of the communication issues and shows that 
73.6% project related issues were the most common.  The remaining issues were 
mostly related to system project requirements (QA procedures, standard forms, 
etc.), systems administration (IT) and research issues. 
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Figure 7-7 Issue Classifications – Aspley Leagues Club 
 
If we further analyse, we can determine the types of issues being generated.   
Figure 7-8 shows a breakdown of these project related issues and identifies 
project notices as being the most common issue type. 
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Figure 7-8 Project Related Issue Types – Aspley Leagues Club 
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As mentioned above, this study is principally interested in the efficiency of project 
communication flows.  As documentation is a major part of project 
communication, evidence of poor initial communication is highlighted by RFIs 
pertaining to clarifications of items in the documentation.  It is the typical process 
for Information clarifications to come in the form of RFIs. These RFIs generally relate 
to poor, or inadequate information provided on the documents and can result in 
variations and extensions of time (EOTs).  Whilst some information clarifications 
can be resolved quickly, others require some time to resolve and have the 
potential to cause delays to the builder.  The responses to RFIs are therefore a key 
indicator in the analysis of any project when trying to determine the severity of 
documentation deficiency. 
 
In the case of projects where ProjectCentre is used as the communication 
medium, participants are deemed to have received correspondence once they 
have opened or reviewed it.  Having initially done this, the issue is then responded 
to, and eventually “resolved”.  Once an issue has been resolved it should then be 
closed off to indicate that no more correspondence is required. If the item is not 
closed it is difficult to determine whether the item has been finalised. 
  
When assessing the efficiency of project communication flows, measuring the 
time taken to open a piece of correspondence is obviously important.  However, 
of more importance is the time taken to respond to and resolve issues raised.  Due 
to their ability to affect project performance, we are therefore particularly 
interested in the time taken to respond to RFIs and information clarifications.  
Unfortunately, the data for the Aspley Leagues Club project identified only 10 
project-related RFIs, of which only 2 were closed off.  Although data for these RFIs 
was limited, Figure 7-9 shows the average time taken from issue initiation to it 
being viewed, resolved and finally closed (where applicable).  When considering 
the time to resolve issues, all bar one were resolved within 7days. 
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Figure 7-9 Average Number of Days to View, Resolve, and Close Project RFIs – 
Aspley Leagues Club 
 
Due to the limitations of RFI data, considering all the issues raised on the project 
may provide a better appreciation of the efficiency of communication on the 
Aspley Leagues Club project, using the ProjectCentre system.  As can be seen in 
   
Construction 
Research 
Alliance 
Online Remote Construction Management: Construction Project Case Studies 
Part F: Case Study Report: Aspley Leagues Club 
 S Kajewski, A Weippert & P Tilley 
   
 
Page 38 
Figure 7-10, of the 218 issues identified on the project, only 93 were actually 
opened, 44 could be classified as being resolved and 24 finally closed off. 
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Figure 7-10 Average Number of Days to View, Resolve, and Close Project RFIs – 
Aspley Leagues Club 
 
In Figure 7-11 we can see that if all these issues are considered, there is a 
significant increase in time for issues to be resolved as well as closed off.   
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Figure 7-11 Average Number of Days to View, Resolve, and Close Project RFIs – 
Aspley Leagues Club 
 
However, when we consider the actual time to review and resolve issues, Figure 
7-12 illustrates that around 68% of issues were reviewed within the first 2 days with 
over 85% within 7 days.  Whilst the time taken to resolve issues was not as good, 
the chart still shows that approximately 64% of items were resolved within 7 days.  
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Figure 7-12 Time Taken to Review vs. Resolve Project Correspondence – Aspley 
Leagues Club 
 
When we consider this information in relation to the 218 issues identified, it would 
appear that the discrepancies in the numbers of issues opened and resolved as 
well as the extent of the time delays, would seem to suggest that the participants 
were perhaps inexperienced with the system and as a result used other methods 
of communication to resolve their issues.  However it should be noted that the 
high average number of days from ”initiate” to “close”, reflects on the limitations 
of users and the system, not on the performance of the project. 
 
In spite of some issues taking an extended time to resolve, it is unlikely that they 
were of any real importance to the outcome of the project, as comments by the 
project manager – in a discussion after the completion of the project – indicated 
that the project ran smoothly, with no major delays other than rain days.  Clarity 
of the documentation, and issues arising from them appeared to cause no undue 
delays. 
 
7.4.3 Deficiencies in Documentation 
 
The key to the collection of data in these ORCM projects was to record 
communication flows.  It is considered necessary to concentrate the research on 
those factors that are generated from a poor information flow process (Tilley 
2000).  Tilley suggested that these factors inevitably affect a project’s operational 
and decision making processes and eventuate as rework, RFIs, SIs and variations.  
The cause, influence and effect that these factors have on a project can then be 
categorised into a variety of key indicators and classification systems. In order to 
determine the validity of these types of indicators, accurate data regarding the 
quality of design and documentation needs to be obtained.  The data we have 
obtained does not appear to be complete.  Also, the correspondence that was 
logged on ProjectCentre did not specifically provide all the information required, 
particularly user defined “due dates”, or closure dates of items, as mentioned 
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above.  As a consequence, our analysis is considered to be inconclusive.  Had 
ProjectCentre been used exclusively, and comprehensively employed in the 
ORCM project at Aspley, the result may well have provided more conclusive 
results. 
 
7.4.4 Performance Indicators 
 
To allow comparisons between different sizes and types of projects, a method to 
assess information clarifications in relation to these two variables was needed.  By 
dividing the number of project information clarifications by the size and 
complexity factor of a project, we have a method that will allow this comparison.   
 
7.4.4.1 Information Clarification Extent (ICE) 
 
Tilley sets out a convenient means to ascertain the performance of a project with 
respect to its complexity (Tilley, 1998).  Initially when considering project size and 
complexity, the product of final contract value and initial project duration was 
seen as being both simple and adequate for the task.  The following cost based 
Information Clarification Extent (ICE1) performance indicator was initially 
proposed to provide a measure of the extent of design and documentation 
process deficiency: 
 
 
DCV
NICE c×=1  
 
Where: Nc = number of information clarification type RFIs 
 CV = estimated final contract value ($100,000’s) 
 D = initial project duration (months) 
 
With the Aspley and the Mt Gravatt Projects, there was a 2-year gap between the 
projects. Due to the possible affects of inflation, the use of cost as a factor within 
this type of performance indicator, does not allow the direct comparison of 
projects constructed at different times to be made without modifying the scale 
on which they are measured.  To overcome this problem, an alternative version of 
the ICE indicator was developed.   
 
In this version, the use of the gross floor area of a project replaces the final 
contract value and provides a non-variable indication of project size.  However, 
as contract value also provided an element of project complexity, a means of 
compensating for this change was required.  As project complexity directly 
affects project duration, it was felt that squaring the project duration value will 
provide for this compensation.  Therefore, the following alternative ICE2 
performance indicator is proposed to provide a more consistent measure of the 
extent of design and documentation process deficiency: 
 
 22 DGFA
NICE c×=  
 
Where: N = number of information clarification type RFIs 
 GFA = Gross Floor Area (000 m2) 
 D = initial project duration (months) 
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As the information on the size of the projects was not made available to CSIRO – 
DBCE at the time of this report, we are limited to using the 1ICE  index. This is a 
legitimate means of comparison in that the figure calculated still is an indication 
of the degree of complexity for the respective projects at the point of time at 
which they were done. It should be noted though that as the information required 
is limited, the accuracy of the result is at best a crude indication on the actual 
performance of the project.  Additional data may well have yielded a 
significantly different result. 
 
 0606.0
1115
10
1 =×=ICE  
 
Where: Nc = number of information clarification type RFIs = 10 issues 
 CV = estimated final contract value ($100,000’s) = $1.5 m 
 D = initial project duration (months) = 48 weeks 
 
When determining the quality of the design and documentation based on the 
Information Clarification Extent performance indicator (either ICE1 or ICE2), the 
chart shown in Figure 7-13 is used to evaluate performance.  The score achieved 
with the data provided is indicated. 
 
0.001 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2 0.225 0.25 0.275 0.3 0.325 0.35 0.375 0.4
Good
Average
Poor
Very Poor
Excellent
 
 
Figure 7-13 Information Clarification Extent (ICE) Evaluation Chart – Aspley 
Leagues Club 
 
As can be seen, the Aspley Leagues Club project performed in the higher end of 
the “Average“ range, relative to the performance of projects used to develop 
this “complexity” co-efficient.  As discussed previously, to conclude that this result 
is a true reflection of the project is dubious due to the limited information 
available form the ProjectCentre database.  However, subjective comments 
obtained from project participants indicate that this project assessment was 
probably reasonably accurate.  
 
7.5 The Benchmark Project 
 
With the Mt Gravatt Sporting and Workers Club project, there were just over 1300 
items of communication recorded by Hutchinson Builders and the ORCM team – 
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from the project’s inception in May 1996, until December 2000, after project 
completion, defects liability period and the resolution of some post occupancy 
issues.  Those correspondences were distributed via 204 organisations either 
involved or wishing to be involved in the project.  
 
The actual construction period was from February 1998 until September 1998.  
Communications prior to construction involved briefing and other 
communications between client, architect, and consultants, involving design, 
documentation, and tendering activities.  It is interesting to note that over 82% of 
the total communications recorded came from the tender / construction period 
(November 1997 - September 1998). The chart in Figure 7-12 shows a comparison 
of both incoming and outgoing communication from shortly before construction 
(Nov-97) until well after defects liability (Sep-99). 
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Figure 7-14 Comparison of Incoming and Outgoing Correspondence – Mt 
Gravatt Sporting and Workers Club 
 
For simplicity we have concentrated the research on communications transacted 
between the tender stage to the end of the of defects liability period of the 
project.  This focuses on the communications raised during the construction 
process. 
 
In the same vein, those companies that have transacted less than 10 items have 
been filtered out.  As indicated previously in Figure 5-4 and Figure 5-5 when 10 or 
more items of communication was considered as a level to determine the main 
organisations involved in the project, we end up with only 19 organisations out of 
the 204 recorded.  Considering the project as a whole, these organisations 
transacted approximately 55% of all incoming and outgoing communications for 
the project.  Figure 7-13 indicates the number of ingoing and outgoing 
communications relating to the various organisations with which Hutchinson 
Builders transacted 10 items or more. 
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Figure 7-15 Comparison of Incoming and Outgoing Correspondence for 
Organisations (10 or More Items of Correspondence) – Mt Gravatt 
Sporting and Workers Club 
 
As expected, the volume of communication was greatest with the principal 
designers, project managers, client and main trade contractors.  However, as 
part of the process of analysing communication flows on construction projects, it 
is also important to determine the type of communication that is occurring.  In 
Figure 7-16 below, a comparison of both incoming and outgoing 
correspondence is carried out based on the standard set of communication 
classifications. 
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Figure 7-16 Comparison of Incoming and Outgoing Correspondence by 
Communication Classification – Mt Gravatt Sporting and Workers 
Club 
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As can be seen, Hutchinson Builders’ incoming correspondence is dominated by 
project approvals and responses to outgoing correspondence, whilst their 
outgoing correspondence mainly relates to contractual issues and design issues. 
 
As raised earlier, Tilley (1998) suggested that it is necessary to concentrate the 
research on those factors that are generated from poor information flow process.  
It is suggested that these factors inevitably affect a projects operational and 
decision making process, which eventuate in rework, RFIs, SIs, and variations.   
 
From the extent of outgoing correspondence, the ORCM researches were able to 
identify specific communications seen as being indicators of project performance 
– Contractor Site Instructions (SIs), Variation Approvals, Extensions of Time (EOT) 
requests, and Requests for Information (RFIs) – the extent of which are illustrated in 
Figure 7-17.  The cause, influence and effect that these factors have on a project 
can be used to develop indicators that will allow us to classify the performance of 
any given project, as demonstrated with the Aspley case study. 
 
In total, 95 communication items were identified under these criteria, with over 40 
% being RFIs, 37% variation approvals, 19 % contractor SIs, with only one EOT 
request being recorded (Figure 7-17). 
 
EOT's
1%
RFI's
43%
SI's
19%
Variations
37%
 
 
Figure 7-17 Proportion of Project Performance Indicators – Mt Gravatt Sporting 
and Workers Club 
 
7.5.1 Site Instructions 
On closer scrutiny of the data, it does appear however that a complete record of 
all such correspondences was not provided, that is to say, it was either not 
recorded, or not provided.  For example eighteen (18) of the items recorded 
were site instructions.  From the record it appears that the number of site 
instructions was not consecutively listed, thus the conclusion might be that the 
record is incomplete.  It is interesting to note that of the SIs recorded none 
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reflected RFI related tasks.  All were related to “independent Instructions” 
generally from consultants, and sub-contractors, not related to information 
clarifications (see Figure 7-18). 
 
Independent 
Instruction
94%
Confirmation
6%
Other
0%
Response
0%
 
 
Figure 7-18 Classification of Site Instructions Recorded by Hutchinson Builders – 
Mt Gravatt Sporting and Workers Club 
 
7.5.2 Variations 
 
A total of 35 variation approvals have been recorded, between January 1998 
and October 1998.  Unfortunately, the records do not indicate the number of 
variation requests issued and so the number of variation requests that were not 
approved is unknown.  However, as indicated in Figure 7-19, most of the variation 
approvals recorded was as a result of additional work, with only 3% of them 
relating to issues involving documentation. 
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Figure 7-19 Classification of Variations – Mt Gravatt Sporting and Workers Club 
 
7.5.3 RFIs 
 
Tilley (1998) noted that the RFI process appears to be the best indicator of the 
overall quality of the design and documentation process.  Careful analysis of RFIs, 
as demonstrated in the case study discussions above, enabled the quantification 
of the extent of the deficiencies within the documents (ICE calculations).  With 
information on the time taken to address RFIs, it is possible to also determine their 
relative severity on the project.  
 
There were a total of 41 RFIs recorded, and they all appear to relate to 
information clarifications.  Figure 7-20 shows a breakdown of the various 
classifications of the RFIs, of which 49% related to insufficient information from the 
documentation. RFIs relating specifically to conflicting, or incorrect information on 
the documents comprised around 12% of the RFIs.  The remaining RFIs related to 
other general matters requiring clarification, but were not specifically noted. 
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Figure 7-20 Classification of RFIs – Mt Gravatt Sporting and Workers Club 
 
As noted above, the time taken to respond to these RFIs is important in trying to 
assess the severity of any deficiencies.  Unfortunately, all the data required to 
determine the time taken to respond to RFIs was not provided.  However, the 
graph in Figure 7-21 demonstrates – based on the information that was included 
in the database – the time taken to resolve RFIs once they were received.  
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Figure 7-21 Time Taken to Respond to RFIs – Mt Gravatt Sporting and Workers 
Club 
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From the information provided, 56% of the RFIs identified appeared to be resolved 
within 7 days or less, with five items requiring more than 7 days and a further 13 
items having insufficient information to determine the time taken to respond.  
Compared against the results achieved on the Aspley Leagues Club case study 
project (see Figure 7-12), the result is fairly similar. 
 
As noted above, the data for the Mt Gravatt Sporting and Workers Club project 
appears to be incomplete.  However, with the data that we do have, it is possible 
to make an Information Clarification Extent (ICE1) calculation – as done with the 
case study project – for comparative purposes.  It should be noted though that as 
the information required is limited, the accuracy of the result is at best a crude 
indication on the actual performance of the project.  Further data may well yield 
a significantly different result. 
 
 2847.0
624
41
1 =×=ICE  
 
Where:  Nc = number of information clarification type RFIs = 41 items 
 CV = estimated final contract value ($100,000’s) = $2.4 m 
 D = initial project duration (months) = 26 weeks (6 months) 
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Figure 7-22 Information Clarification Extent (ICE) evaluation chart 
 
The evaluation chart (Figure 7-22), graphs the ICE1 calculation results of the case 
study project (Aspley Leagues Club) against the benchmark project (Mt Gravatt 
Sporting and Workers Club).  The Aspley project, based on the data from 
ProjectCentre, indicates that the project performed in the “Average” range, 
relative to the performance of projects used to develop this “complexity” co-
efficient. 
  
The benchmark project, from the limited data available to us scored in the “Very 
Poor” range.  To conclude that this result is a true reflection of either project is 
dubious due to the limited data.  Subjective comments from project participants 
indicate a level of satisfaction with the projects that seem contrary to the results 
achieved in the calculations above. 
 
Aspley 
Mt Gravatt 
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7.6 Summary 
 
On reflection the greatest barrier to analysis has been the access to all 
information. Initially, for the case study (Aspley Leagues Club) project, the main 
problem appears to have been data entry.  The availability of computers, and 
communications lines (phone/ data) on site proved to be a considerable barrier 
to the ORCM process.  A means to transact on the system was, at times, simply 
not available to key participants at the early stages on site.  Later, lack of 
commitment to the system again encouraged traditional means of 
communication to be employed, causing further gaps in the communication 
record. Due to the lack of a complete record of all project data in both the case 
study, and the benchmark project, the results of this benchmark study are 
inconclusive.  
 
What is absolutely clear from the results of the this case study, and the other case 
studies assessed in the ORCM review is, if adopting such a system, it needs to be 
used exclusively, for both consistency of information and to ensure information is 
distributed formally (as required by the contract) and is distributed to all parties.  
When using a web based system such as ProjectCentre, the ease of distribution 
and access by the project team was shown to be uncomplicated and consistent 
in both the method of delivery and the set out of documents / information.  
Problems of legibility and recording of correspondence becomes negligible, 
whilst the ability to produce electronic forms makes the system adaptable to any 
QA system.  
 
There is a definite need to set up a case study where all project participants use 
an ORCM system exclusively, and no other form of communication is allowed.  
Legal issues and QA documentation standards in the view of participants do not 
seem to represent any barrier to future exploitation of such a system.  
 
The comments from the questionnaires assessed to draw some conclusions in this 
discussion on benchmarking appears to suggest that greatest barrier to the “buy 
in” by all members of the value chain is overcoming the “cultural” habits of the 
individuals / organisations / institutions asked to use the system.  Proper training of 
participants, and access to the necessary equipment and communication lines, 
will certainly ease the barriers noted in this and the other ORCM studies. With 
those problems addressed, surely future projects utilising an ORCM system will 
demonstrate the advantages achievable with a system such as ProjectCentre. 
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8. Cost Benefit Analysis  
8.1 Introduction to Cost Benefit Analysis 
 
IT is a tool for changing or reorganising that usually requires a considerable cash 
investment. The adoption of a new technology brings a new level of risk to an 
organisations activity, whereby the cost involved in the implementation of 
new/alternate IT system is sometimes assumed to be absorbed into the ongoing 
expenses and benefits – that is, the assumption that the benefits justify the 
incurred costs, which is far from the truth.  
 
A high investment in IT consequently represents the highest ongoing capital 
expenditure in a company and senior management are, in many cases, 
unconvinced that their investment in IT has proven economically successful. 
Evaluation of the significant/potential 'claims' made on an IT resource is essential 
to help senior management prioritise various IT projects – that is, economical 
justification (cost benefit analysis) of an IT investment. (Remenyi, et. al., 1998).  
 
8.2 Why a Cost Benefit Analysis (CBA)? 
 
Interest in the evaluation of IT in construction companies has increased over 
recent years, resulting in various practitioners and/or managers within the 
construction industry asking the question: why evaluate IT? The evaluation of IT is 
usually a difficult and sometimes costly process, which has to be made clear to 
everyone within the organisation, as to why there is a need for this process to be 
undertaken and can be undertaken for something as simple as the need to justify 
the replacing of a faulty/damaged keyboard or mouse for a computer. (Cost 
Benefit Analysis Guide for NIH Projects (1999), Remenyi, et. al., 1998) 
 
The CBA should match with the size, complexity and cost of the proposed project 
- i.e. managers need to decide the level of analysis necessary to ensure resources 
are effectively allocated to support this task. Once this has been achieved, the 
CBA can provide the following benefits:  
• Provide a Business Case: 
Presenting an argument expressed in monetary value where the values are 
measured in savings, social benefits and reductions in future costs – that is, 
providing a basis for an informed decision to improve performance and 
comparison with other similarly assessed proposals. 
• Presents a Funding Plan: 
Due to most projects needing funding, CBAs identify the organisation’s 
benefits and provides a basis to distribute the projects costs equitably among 
the individual beneficiaries. 
• Marketing an Idea: 
Many projects do not pass the funding stage because of insufficient objective 
cases put forward to senior management demonstrating investment returns. 
CBAs can help turn an idea into reality. 
• Evaluate Success: 
CBAs can be used to evaluate the true overall value of a project – that is, 
actual costs and benefits after the event. (Fricker, 2000, Introduction to Cost 
Benefit Analysis for Program Managers, 1995) 
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8.3 ORCM Cost Benefit Analysis Activities 
 
The only additional direct costs incurred were the costs of operating 
ProjectCentre.  These costs included: 
• Site computer 
• Internet connection 
• ProjectCentre costs 
• Training costs 
 
While the internet connection and electronic communication costs were 
additional costs, there may have been some reduction in the use of telephone 
and fax but this was not measured and the limited use of ProjectCentre minimised 
any such savings.  From comments made, it would appear that the participants 
found the use of ProjectCentre improved the communications between all the 
participants in the project but were unconvinced about the prospects for 
reducing costs.   
 
The implementation costs were minimal in relation to the cost of the project.  The 
concern was more with getting appropriate and reliable internet access rather 
than the cost of doing so.  Any time saved through use of the system was easily 
lost on learning how to use the system but such “costs” would decline with 
practice and familiarity with the system.  It appeared that most of the participants 
regarded the use of ProjectCentre as trial and thus absorbed any problems in 
their learning phase.  Such costs and benefits are even more difficult to measure. 
 
Any cost-benefit analysis is of little consequence unless all participants in the 
project used the system as their main communication channel in an efficient 
manner.  The small costs of implementing ProjectCentre would indicate that 
benefits do not have to be large for there to be a positive net benefit but none 
were evident on this project. 
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9. 2nd ORCM Questionnaire 
 
As a part of the Online Remote Construction Management project - in addition to 
the implementation of the ORCM IT Analysis Survey (Section 6), ORCM Case Study 
data collection activities (Section 2), benchmark analysis activities (Section 7) 
and cost benefit analysis activities (Section 8) - ORCM Researchers implemented 
the 2nd ORCM Questionnaire on all ORCM Case Study Projects. The ORCM project 
received permission from Dr David Thorpe (ORCM Committee Member, 
Capability and Delivery Division, Queensland Department of Main Roads) to 
modify and use the original questionnaire, previously circulated amongst other 
Main Roads / ORCM Case Study Projects.   
 
9.1 Implementation of the 2nd ORCM Questionnaire 
 
To help determine/evaluate (from the end users perspective) projectCentre's 
strengths/weakness; advantage/disadvantage; success/failures; areas for 
improvement; process and/or implementation gaps; future recommendations; 
etc., the following Aspley Leagues Club Case Study Project participants (who 
made use of projectCentre to generate, receive, store and/or disseminate all 
project related documentation, information and/or communication), were asked 
to respond to the 2nd ORCM Questionnaire: 
• Architects 
• Contract Administrator 
• Site Forman 
• Project Manager  
• ProjectCentre Administrator 
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10. Process Improvement 
10.1 Project Participant Recommendations for Improvement  
 
Through formal and informal discussions and interviews with the Aspley Leagues 
Club Case Study Project participants, ORCM researchers were able to document 
various ‘suggestions’ and recommendations regarding the implementation of IT 
tools and/or Web-based communication systems and processes (similar to 
projectCentre) on remote construction projects: 
• Training and system support are a must, including regular onsite 
demonstrations of the proposed IT tool or communication system are required 
to give time for people to gain expertise and become comfortable with new 
systems as there is a “long learning curve required to get staff up to speed on 
the technology as well as getting them thinking in a graphic way instead of a 
paper based way”. 
• Highlighting the potential advantages such as “recording, processing, 
keeping and monitoring communication records” and “transfer of 
documents” could provide some incentives for adopting such systems.  There 
is a "need to convince consultants, subcontractors and builders of the 
advantages over the old [traditional/paper-based] system”. 
• All project participants and stakeholders need to be fully committed to using 
the new IT tool or communication system, with “buy in” at the highest level 
within the participating companies involved as “the tendency is to use the 
facilities to fulfil their own requirements” without considering the overall 
benefits to the project.  There can be "communication breakdown due to 
everyone not using PCs”.  The capabilities of the system are not fully utilised 
unless the entire team, including consultants, use ProjectCentre.  The best 
results would be achieved when the project can "incorporate it 
[ProjectCentre/electronic communication methods] into the existing 
[traditional] way of doing business”. 
• Legal issues need to be clarified – “Electronic issue of documentation and on 
site computer” is still an issue or are ignored. 
• Concerns about security of information need to be resolved and guidelines 
prepared – “where signed documents were required, hard copy were still 
used”. 
• The project manager (or equivalent) should be the 'driver' of IT uptake for the 
project. 
• All contracts should make it a condition of contract to use the same system 
throughout to gain familiarity and acceptance of systems such as 
ProjectCentre.  Over time there will develop a corporate knowledge which 
results in there always being someone nearby who can be asked to help sort 
out any simple problems. 
• Access to a 24-hour telephonic and online 'Help Desk' is essential. 
• Sufficient bandwidth need to be made available so that transmittal of 
drawings, photographs and movies can be quickly sent as easily as a simple 
e-mail. 
• Technical problems should be avoided as much as possible because 
"computer problems at site [hardware supply, delay in installation, internet 
access, etc]” provide a ready excuse for not using the system. 
• Additionally, IT tool or communication system/process developers need to 
keep the following in mind when developing, testing and implementing new IT 
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products, process' or communication tools or system for the construction 
industry and its stakeholders: 
• Provide a clear and upfront indication (with company senior 
management backing and approval) of the new/proposed IT tool or 
communication systems capabilities and function on a project and 
“adequately resource it”. 
• Test and trial the IT tool or communication system/process on a number of 
different projects prior to final (compulsory/committed) implementation 
on remote projects as new systems will be used “provided the system is 
FULLY developed and trailed before use”.  As a concept, ProjectCentre is 
fine and most participants would like further opportunities to test the 
capabilities of such a system.   
• The capabilities and/or functionality has to be compatible with most other 
IT products and/or systems used in the industry – potentially saving overall 
project time, cost, labour, errors, etc. 
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11. Best Practice 
11.1 Critical Success Factors  
 
Through: implementing 2 ORCM questionnaires; carrying out formal and informal 
interviews; and by undertaking extensive Benchmarking and Cost Benefit Analysis 
activities - ORCM researchers identified the following success factors that would 
be critical in helping ensure successful implementation of IT tools and Web-based 
communication systems (similar to projectCentre) on geographically dispersed 
(remote) civil and building construction projects: 
• IT implementations must create a feeling of trust (reliability, relevance etc) to 
the potential user. 
• The quality and accuracy of any project related communication or 
information (electronic or paper based) is still directly dependant on the user 
of the IT tool and/or creator of that piece of information or correspondence. 
• Training and system support are a must, including regular onsite 
demonstrations of the proposed IT tool or communication system are required.  
Training in use of the IT system is essential to be able to identify or be aware of 
potential errors generated by others in providing the information, i.e. there 
must be understanding of what the system is capable of doing and any IT 
implementation must not be a “black box” of information processing. 
• Trialling an incomplete system or one that has not had much exposure to users 
should be treated as a special case and not left to the users to solve the 
problems. 
• Any implementation of a new system should be fully resourced to ensure that 
all aspects are covered during the early stages of development and to 
reassure users that there is a corporate commitment. 
• Reliability and adequacy (including sufficient speed) of the communications 
is essential to gain commitment from potential users.  If it works well, new 
technology will be taken up - cutting costs on critical parts of a new system 
should not be considered. 
• The user is a key factor in gaining advantage from an IT system - taking only 
the type or potential advantages of a newly developed IT tool or 
communication system into consideration, is not enough when implementing 
IT on any remote project site; users needs must be a prime focus. 
• Legal issues such as electronic signatures and requirements for hard copies 
need to be clarified. 
• All project participants and stakeholders need to be fully committed to using 
the new IT tool or communication system, with “buy in” at the highest level 
within the participating companies involved.  The project Superintendent (or 
equivalent) should be the driver of IT uptake for a project.  
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12. Conclusion 
 
ORCM ‘Critical Success Factors’ help reinforce the need for further research and 
development (R&D) of (a) innovative IT tools and Web-based communication 
systems, and (b) identifying improved implementation procedures and IT 
application opportunities within the construction industry. Continuous 
‘encouragement’ in using such innovative technologies will certainly help 
minimise current industry levels of resistance to change; organisational and 
cultural ‘barriers’; traditional work ‘habits’; and contribute to (from an end user’s 
perspective) resolving certain communication challenges and technical 
‘limitations’ (hardware, software, bandwidth, etc) as experienced on the ORCM 
projects.   
 
Future R&D activities, similar to the Online Remote Construction Project (ORCM), 
will help enrich current levels of IT and Web-based communication system 
knowledge, awareness and skills of all industry stakeholders, inevitably resulting in 
a major social impact that will integrate the world of construction in a way the 
industry never experienced before.   
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